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METHOD AND APPARATUS FOR 
REDUCING MITRAL REGURGITATION 

Reference To Pending Prior Patent Applications 
This patent application: 

(1) is a continuation-in-i)art of pending prior 
U.S. Patent Application Serial No. 10/068^264, filed 
02/05/02 by Daniel C. Taylor et al. for METHOD AND 
APPARATUS FOR IMPROVING MITRAL VALVE FUNCTION 
(Attorney's Docket No. VIA-29) ; 

(2) is a continuation-in-part of pending prior 
U.S. Patent Application Serial No. 10/112,354, filed 
03/29/02 by John Liddicoat et al. for METHOD AND 
APPARATUS FOR IMPROVING MITRAL VALVE FUNCTION 
(Attorney's Docket No. VIA-19202122) ; 

(3) is a continuation-in-part of pending prior 
U.S. Patent Application Serial No. 10/218, 649, . filed 
08/14/02 by Daniel C. Taylor et al. for METHOD AND 
APPARATUS FOR IMPROVING MITRAL VALVE FUNCTION 
(Attorney's Docket No. VIA-23); 

(4) claims benefit of pending prior U.S. Patent 
Application Serial No. 10/280,401 filed 10/25/02 by 
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William E. Cohn et al. for METHOD AND APPARATUS FOR 
REDUCING MITRAL REGURGITATION (Attorney's Docket No. 
VIA-30); and 

(5) claims benefit of pending prior U.S. 
Provisional Patent Application Serial No. 60/348,424, 
filed 01/14/02 by Daniel C. Taylor et al. for METHOD 
AND APPARATUS TO IMPROVE MITRAL VALVE FUNCTION 

(Attorney's Docket No. VIA-31 PROV) . 

The aforementioned five (5) patent applications 

are hereby incorporated herein by reference. 

Field Of The Invention 

This invention relates to surgical methods and 
apparatus in general, and more particularly to surgical 
methods and apparatus for improving mitral valve 
function. 

Background Of The Invention 

Mitral valve repair is the procedure of choice to 
correct mitral regurgitation of all etiologies. With 
the use of current surgical techniques, between 70% and 
95% of regurgitant mitral valves can be repaired. The 
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advantages of mitral valve repair over mitral valve 
replacement are well documqnted. These include better 
preservation of cardiac function and reduced risk of 
anticoagulant-related hemorrhage, thromboembolism and 

endocarditis. 

In current practice, mitral valve surgery requires 
an extremely invasive approach that includes a chest 
wall incision^ cardiopulmonary bypass, cardiac and 
pulmonary arrest, and an incision on the heart itself 
to gain access to the mitral valve. Such a procedure 
is associated with high morbidity and mortality. Due 
to the risks associated with this procedure, many of 
the sickest patients are denied the potential benefits 
of surgical correction of mitral regurgitation. In 
addition, patients with moderate, symptomatic mitral 
regurgitation are denied early intervention and undergo 
surgical correction only after the development of 
cardiac dysfunction. 

Mitral regurgitation is a common occurrence in 
patients with heart failure and a source of important 
morbidity and mortality in these patients. Mitral 
regurgitation in patients with heart failure is caused 
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by changes in the geometric configurations of the left 
ventricle, papillary muscles and mitral annulus. These 
geometric alterations result in incomplete coaptation 
of the mitral leaflets during systole. In this 
situation, mitral regurgitation is corrected by 
plicating the mitral valve annulus, either by sutures 
alone or by sutures in combination with a support ring, 
so as to reduce the circumference of the distended 
annulus and restore the original geometry of the mitral 
valve annulus. 

More particularly, current surgical practice for 
mitral valve repair generally requires that the mitral 
valve annulus be reduced in radius by surgically 
opening the left atrium and then fixing sutures, or 
more commonly sutures in combination with a support 
ring, to the internal ■ surf ace of the annulus; this 
structure is used to pull the annulus back into a 
smaller radius, thereby reducing mitral regurgitation 
by improving leaflet coaptation. 

This method of mitral valve repair, generally 
termed ^^annuloplasty", effectively reduces mitral 
regurgitation in heart failure patients. This, in 
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turn, reduces symptoms of heart failure, improves 
quality of life and increases longevity. 
Unfortunately, however, the invasive nature of mitral 
valve surgery and the attendant risks render most heart 

4 

failure patients poor surgical candidates. Thus, a 
less invasive means to increase leaflet coaptation and 
thereby reduce mitral regurgitation in heart failure 
patients would make this therapy available to a much 
greater percentage of patients. 

Mitral regurgitation also occurs in approximately 
20% of patients suffering acute myocardial infarction. 
In addition, mitral regurgitation is the primary cause 
of cardiogenic shock in approximately 10% of patients, 
who develop severe hemodynamic instability in the 
setting of acute myocardial infarction. Patients with 
mitral regurgitation and cardiogenic shock have about a 
50% hospital mortality. Elimination of mitral 
regurgitation in these patients would be of significant 
benefit. Unfortunately, however, patients with acute 
mitral regurgitation complicating acute myocardial 
infarction are particularly high-risk surgical 
candidates, and are therefore not good candidates for a 
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traditional annuloplasty procedure. Thus, a minimally 
invasive means to effect a ten?>orary reduction or 
elimination of mitral regurgitation in these critically 
ill patients would afford them the time to recover from 
the myocardial infarction or other acute 
life-threatening events and make them better candidates 
for medical, interventional or surgical therapy. 

Summary Of The Invention 

As a result, one object of the present invention 
is to provide improved methods and apparatus for 
reducing mitral regurgitation. 

Another object of the present invention is to 
provide methods and apparatus for reducing mitral 
regurgitation which is minimally invasive. 

Another object of the present invention is to 
provide methods and apparatus for reducing mitral 
regurgitation which can be deployed either permanently 
(e.g., for patients suffering from heart failure) or 
temporarily (e.g., for patients suffering from mitral 
regurgitation with acute myocardial infarction) . 
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With the above and other objects in view, a 
feature of the present invention is the provision of a 
novel method for reducing mitral regurgitation. The 
method comprises the steps of inserting a flexible 
guiding catheter into a coronary sinus of a patient in 
a vicinity of a posterior leaflet of a mitral valve, 
anchoring a distal end of the catheter in the coronary 
sinus, moving an elongated body through the catheter 
and into a position within the catheter and in the 
vicinity of the posterior leaflet, the body being 
adapted to straighten a natural curvature of at least a 
portion of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, to move the 
posterior annulus anteriorly and thereby improve 
leaflet coaptation. 

In accordance with a further feature of the 
invention, there is provided a further method for 
reducing mitral regurgitation. The method comprises 
the steps of advancing a guidewire into a coronary 
sinus of a patient, advancing a catheter around the 
guidewire and into the coronary sinus, providing a push 
rod having an elongated substantially rigid body fixed 
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to a distal portion thereof, advancing the push rod 
through the catheter until the body is in a vicinity of 
a posterior leaflet of a mitral valve of the patient, 
detaching a proximal portion of the catheter from a 
distal portion of the catheter, and detaching a 
proximal portion of the push rod from a distal portion 
of the push rod, and removing the proximal portions of 
the catheter and the push rod from the patient. 

In accordance with a further feature of the 
present invention, there is provided a further method 
for reducing mitral regurgitation. The method 
comprises the steps of advancing a flexible strand into 
a coronary sinus, anchoring at least a distal end of 
the strand in the coronary sinus proximate an anterior 
interventricular vein, interconnecting a proximal end 
of the strand and a cinch activation structure, and 
operating the cinch activation structure to pull the 
strand taut, whereby to cause the strand to approach a 
straight configuration and a mid-portion of the strand 
to engage a posterior wall of a mitral valve annulus, 
which pushes a posterior mitral valve leaflet 
anteriorly to improve coaptation. 
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In accordance with a further feature of the 
present invention, there is provided a novel assembly 
for reducing mitral regurgitation, the assembly 
comprising a flexible guiding catheter for insertion 
into a coronary sinus of a patient in a vicinity of a 
posterior leaflet of a mitral valve, structure for 
anchoring a distal end of the catheter in the coronary 
sinus, an elongated body for moving through the 
catheter and into a position within the catheter and in 
the vicinity of the posterior leaflet, the body being 
adapted to straighten a natural curvature of at least a 
portion of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, to move the 
posterior leaflet anteriorly and thereby improve 
leaflet coaptation. 

In accordance with a further feature of the 
present invention, there is provided another assembly 
for reducing mitral regurgitation. The assembly 
comprises a flexible catheter having as a part thereof 
an elongated substantially rigid portion, the catheter 
being adapted for insertion into a coronary sinus of a 
patient and adapted to be moved to a position placing 
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the rigid portion in a vicinity of a posterior leaflet 
of a mitral valve, the rigid portion being adapted to 
straighten a natural curvature of at least a portion of 
the coronary sinus in the vicinity of the posterior 
leaflet of the mitral valve, to move the posterior 
leaflet anteriorly and thereby improve leaflet 
coaptation. 

In accordance with a still further feature of the 
present invention, there is provided another assembly 
for reducing mitral regurgitation. The assembly 
comprises a flexible guide wire for insertion into a 
coronary sinus of a patient, a flexible guiding 
catheter for disposition around the guide wire and 
adapted for insertion into the coronary sinus, an 
elongated substantially rigid body fixed to a distal 
end of a push rod and adapted to advance in the 
catheter to a vicinity of a posterior leaflet of a 
mitral valve of the patient, a detachable joint by 
which the push rod may be separated, and a break-away 
joint by which the catheter may be separated into 
distal and proximal portions, whereby after the body is 
in the vicinity of the posterior leaflet, the push rod 
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and the catheter proximal portions may be removed from 
the site and withdrawn from the patient. 

In accordance with a still further feature of the 
present invention, there is provided another assembly 
for reducing mitral regurgitation. The assembly 
comprises a flexible strand adapted to advance into and 
through a coronary sinus, an anchor at a distal end of 
the strand for securing the distal end in a fixed 
position in the coronary sinus, and a cinch activation 
structure connected to a proximal portion of the strand 
and operable by an operator to pull the strand taut, 
whereby to cause the strand to approach a straight 
configuration with a mid-portion of the strand adapted 
to engage a posterior wall of a mitral Valve annulus to 
urge a posterior mitral valve leaflet anteriorly to 
improve coaptation. 

In accordance with a still further feature of the 
invention, there is provided an elongated body for 
introduction into a coronary sinus. The body comprises 
an elastomeric sleeve substantially closed at both ends 
thereof, the sleeve defining two internal chambers in 
axial alignment with each other, the chambers being 
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separated by a wall having a aperture therein. A rod 
is slidably disposed in the aperture and enters into 
the two chambers, the rod having a distal flexible 
portion, a middle rigid portion and a proximal flexible 
portion. A pull wire extends from the proximal end of 
the rod and through a proximal end of the sleeve. The 
rod is positionable such that one of the flexible 
portions of the rod is disposed in the aperture in the 
chamber wall, rendering the body flexible. The rod is 
further positionable by manipulation of the pull wire 
to cause the rod rigid portion to be disposed in the 
aperture in the chamber wall, rendering the wall rigid. 
Thus, the body may be rendered flexible so as to be 
moved to the coronary sinus and may be rendered rigid 
so as to effect a change in coronary leaflet 
coaptation. 

In accordance with a still further feature of the 
invention, there is provided a method for reducing 
mitral regurgitation comprising inserting apparatus 
into the coronary sinus of a patient in the vicinity of 
the posterior leaflet of the mitral valve, the 
apparatus having a distal end, a proximal end and an 
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intermediate portion, the apparatus being configured so 
that when the apparatus is positioned in the coronary 
sinus in the vicinity of the posterior leaflet of the 
mitral valve, the distal and proximal ends will apply a 
posteriorly-directed force to the walls of the coronary 
sinus and the intermediate portion will apply an 
anteriorly-directed force to the walls of the coronary 
sinus, whereby to move the posterior annulus anteriorly 
and thereby improve leaflet coaptation. 

In accordance with a still further feature of the 
invention, there is provided an apparatus for reducing 
mitral regurgitation comprising a body having a distal 
end, a proximal end and an intermediate portion, the 
body being configured so that when the body is 
positioned in the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, the distal and 
proximal ends will apply a posteriorly-directed force 
to the walls of the coronary sinus, and the 
intermediate portion will apply an anteriorly-directed 
force to the walls of the coronary sinus, whereby to 
move the posterior annulus of the mitral valve 
anteriorly and thereby improve leaflet coaptation. 
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Significantly^ the present invention may be 
practiced in a minimally invasive manner, either 
permanently or temporarily, so as to reduce mitral 
regurgitation . 

The above and other features, of the invention, 
including various novel details of construction and 
combinations of parts and method steps, will now be 
more particularly described with reference to the 
accompanying drawings and pointed out in the claims. 
It will be understood that the particular devices and 
methods embodying the invention are shown by way of 
illustration only and not as limitations of the 
invention. The principles and features of this 
invention may be employed in various and numerous 
embodiments without departing from the scope of the 
invention. 

Brief Description Of The Drawings 

The above and other objects and features of the 
present invention will be more fully disclosed or 
rendered obvious by the following detailed description 
of the preferred embodiments of the invention, which is 
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to be considered together with the accompanying 
drawings wherein like numbers refer to like parts and 
further wherein: 

Fig. 1 is a schematic view of portions of the 
human vascular system; 

Fig. 2 is a schematic view of portions of the 
hioman heart; 

Fig. 3 is a schematic view of a preferred system 
formed in accordance with the present invention; 

Figs. 4-7 are a series of views illustrating use 
of the system of Fig. 3 to reduce mitral regurgitation; 

Fig- 8 shows an alternative form, of delivery 
catheter; 

Fig. 9 shows an alternative form of flexible push 

rod; 

Fig- 9A shows an alternative form of the present 
invention; 

Fig. 9B is a diagraromatiq side elevational partly 
sectioned view of a further flexible push rod; 

Figs. 9G and 9D are similar to Fig. 9B and showing 
alternative embodiments of flexible push rod; 
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Fig. 9B is a generally side elevational view of a 
flexible support catheter; 

Fig. 9F is a generally side elevational view of an 
alternative flexible delivery catheter; 

Figs. 10 and 11 show alternative constructions for 
the straight, substantially rigid elongated body; 

Fig, IIA-IIS illustrate other aspects of the 
present invention; 

Fig. IIT is a diagrammatic illustration of forces 
engaging upon an operative portion of the inventive 
assemblies; 

Fig. IIU and IIV are graphs illustrating 
comparative strains and stresses; 

Fig. 12 shows another alternative system formed in 
accordance with the present invention; 

Fig. 13 shows the components of Fig. 12 assembled 
for use; 

Figs- 14-16 illustrate another aspect of. the 
present invention; 

Figs. 16A-16D illustrate other aspects of the 
present invention; 
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Figs. 17-20 illustrate still other aspects of the 
present invention; 

Figs. 21-24 illustrate other aspects of the 
present invention; 

Fig. 24A is a diagrammatic illustration of another 
feature of the invention; 

Figs. 24B-24P illustrate alternative features of 
the invention; 

Figs. 25-27 illustrate . another form of the present 
invention; 

Figs. 28-32 illustrate the embodiment of Figs. 25- 
27 in use; 

Figs. 32A-32E illustrate other aspects of the 
present invention; 

Figs. 33 and 34 illustrate another form of the 
present invention; 

Figs. 35-37 illustrate the embodiment of Figs. 33 
and 34 in use; 

Figs. 37A-37C illustrate another aspect of the 

present invention; 

Figs. 37D and 37E illustrate another aspect of the 
present invention; 
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Figs. 37F-37I illustrate another aspect of the 
present invention; 

Figs. 37 J and 37K illustrate yet another aspect of 
the present invention; 

Figs. 37L and 37M are sectional views of a further 
embodiment of the substantially rigid elongated body; 
illustrate yet another aspect of the present invention; 

Fig. 38 illustrates another form of the present 
invention; 

Figs. 39 and 40 illustrate the embodiment of Fig. 
38 in use; 

Figs. 41 and 42 illustrate yet another form of the 
present invention; 

Figs. 43 and 44 illustrate still another aspect of 
the present invention; 

Figs. 45-75 are diagrammatic views illustrating 
alternative methods and apparatus for anchoring 
components in place; 

Figs. 76 and 77 illustrate another alternative 
method and apparatus for reducing mitral regurgitation; 
and 
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Fig. 78 illustrates another form Of the present 
invention. 

Detailed Description Of The Preferred Embodiments 

The coronary sinus is the largest vein in the 
h\iman heart. During a large portion of its course in 
the atrioventricular groove, the coronary sinus 
typically extends adjacent to the left atrium of the 
heart for a distance of approximately 5 to 10 
centimeters. Significantly, for a portion of its 
length, e.g., typically approximately 7-9 cm, the 
coronary sinus extends substantially adjacent to the 
posterior perimeter of the mitral annulus. The present 
invention takes advantage of this anatomic 
relationship. More particularly, by deploying novel 
apparatus in the coronary sinus, adjacent to the 
posterior leaflet of the mitral valve, the natural 
curvature of the coronary sinus may be modified in the 
vicinity of the posterior leaflet of the mitral valve, 
whereby to move the posterior annulus anteriorly so as 
to improve leaflet coaptation and, as a result, reduce 
mitral regurgitation. 
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In one preferred embodiment of the invention, the 
novel apparatus conqprises a straight, sxibstantially 
rigid elongated body, the length of the straight, 
substantially rigid elongated body being sized so that 
when the straight, substantially rigid body is 
positioned in the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, the straight, 
substantially rigid elongated body causes at least a 
portion of the coronary sinus to assxame a substantially 
straight configuration adjacent to the posterior 
leaflet of the mitral valve, whereby to move the 
posterior annulus anteriorly and thereby improve 
leaflet coaptation. 

And in one preferred embodiment of the invention, 
access to the coronary sinus is gained percutaneously, 
e.g., the straight, substantially rigid elongated body 
is introduced into the patient's vascular system via 
the jugular vein or via the left subclavian vein, 
passed down the superior vena cava, passed through the 
right atrixom and then passed into the coronary sinus, 
where it is deployed. Alternatively, the straight, 
sxibstantially rigid elongated body may be introduced 
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into the coronary sinus through a small incision in the 
heart, or through some other incision into the 
patient's vascular system. 

And in one preferred embodiment of the invention, 
the straight, substantially rigid elongated body is 
guided into position by (i) passing it through a 
pre-positioned catheter, and/or (ii) passing it over a 
pre-positioned guidewire, and/or (iii) passing it 
guide-free (e.g., on the end of a steerable delivery 
tool) to the surgical site. 

Once deployed, the novel apparatus may be left in 
position permanently (e.g., in the case of patients 
suffering from mitral regurgitation associated with 
heart failure) or the novel apparatus may be left in 
position only temporarily (e.g., in the case of 
patients suffering from mitral regurgitation associated 
with acute myocardial infarction) . 

Visualization of the procedure may be obtained by 
fluoroscopy, echocardiography, intravascular 
ultrasound, angioscopy, real-time magnetic resonance 
imaging, etc. The efficacy of the procedure may be 
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determined through echocardiography, although other 
imaging modalities may also be suitable. 

Looking now at Figs. 1 and 2, there are shown 
aspects of the cardiovascular system 3 of a patient. 
More particularly, cardiovascular system 3 generally 
comprises the heart 6, the superior vena cava 9 (Fig. 
1), the right subclavian vein 12, the left subclavian 
vein 15, the jugular vein 18, and the inferior vena 
cava 21. Superior vena cava 9 and inferior vena cava 
21 communicate with the heart's right atrium 24 (Figs. 
1 and 2). A coronary ostium 27 leads to a coronary, 
sinus 30. At a far end 31 (Fig. 2) of coronary sinus 
30, the vascular structure leads to a vertically- 
descending anterior interventricular vein (^^AIV) 32. 
For purposes of the present invention, it is convenient 
to consider the term ^^coronary sinus'' to mean the 
vascular structure extending between coronary ostium 27 
and AIV 32. 

As seen in Fig. 2, between coronary ostium 27 and 
AIV 32, coronary sinus 30 generally extends 
substantially adjacent to a posterior perimeter of an 
annulus 33 of a mitral valve 36. Mitral valve 36 
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comprises a posterior leaflet 39 and an anterior 
leaflet 42. In the case of a regurgitant mitral valve^ 
posterior leaflet 39 and anterior leaflet 42 will 
generally fail to properly coapt at systole, thereby 
leaving an intervening gap 45 which will permit 
regurgitation. 

Looking next at Fig. 3, there is shown a system 
100 which comprises one preferred embodiment of the 
present invention. More particularly, system 100 
generally comprises a guidewire 103, a delivery 
catheter 106 and a push rod 109. 

Guidewire 103 comprises a flexible body 112 having 
a distal end 115 and a proximal end 118. The distal 
end 115 of guidewire 103 preferably includes a spring 
tip 121 for allowing the distal end of guidewire 103 to 
atraumatically traverse vascular structures, i.e., 
while the guidewire 103 is being passed through the 
vascular system of a patient. 

Delivery catheter 106 comprises a flexible body 
124 having a distal end 127 and a proximal end 130, 
preferably with an adjustable valve. 133 attached. A 
central lumen 136 extends from distal end 127 to 
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proximal end 130. In some circumstances, it is 
desirable to provide a securing mechanism for securing 
the distal end 127 of the delivery catheter 106 within 
a vascular structure. By way of example, but not 
limitation, a balloon 139 may be positioned about the 
exterior' of flexible body 124, just proximal to distal 
end 127, with an inflation lumen 142 extending between 
balloon 139 and an inflation fitting 145. Alternative 
means for securing the delivery catheter 106 within a 
vascular structure are discussed hereinafter. 

Push rod 109 comprises a flexible body 148 having 
a distal end 151 and a proximal end 154. A straight, 
substantially rigid elongated body 157, which may have 
a variety of different lengths, is formed on flexible 
body 148, proximal to distal end 151. A removable 
proximal stiffener, or handle, 160 may be placed 
between straight, substantially rigid elongated body 
157 and proximal end 154 to facilitate gripping 
flexible body 148, e.g., for advancement or retraction 
purposes. 

System 100 may be used as follows to reduce mitral 
regurgitation. . 
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First, distal end 115 of guidewire 103 is passed 
down the jugular vein 18 (or the left subclavian vein 
15) of a patient r down superior vena cava 9, through 
right atrium 24 of the heart 6, and into the coronary 
sinus 30 (Fig. 4), It will be appreciated that as 
flexible guidewire 103 is passed down coronary sinus 
30, the guidewire will tend to assume the natural 
curved shape of the coronary sinus, due to the flexible 
nature of the guidewire- The guidewire' s atraxMtiatic 
spring tip 121 helps ensure minimal damage to vascular 
structures as guidewire 103 is maneuvered into 
position. 

Next, distal end 127 of delivery catheter 106 is 
placed over proximal end 118 of guidewire 103 and 
passed down the guidewire until the distal end 127 of 
the delivery catheter 106 is positioned in coronary 
sinus 30 (Fig. 5) . Again, it will be appreciated that 
as the flexible delivery catheter 106 passes down the 
coronary sinus, the delivery catheter will tend to 
assume the natural curved shape of the coronary sinus, 
due to the flexible nature of the delivery catheter. 
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Once delivery catheter 106 has been positioned 
within the coronary sinus / guidewire 103 is removed 
(Fig. 6) . Either before or after guidewire 103 is 
removed, balloon 139 may be inflated so as to secure 
distal end 127 of delivery catheter 106 in position 
within coronary sinus 30. Alternatively, a selected 
one of several anchor structures described hereinbelow 
may be provided and at this point activated so as to 
secure the catheter distal end 127 in place. 

Next, push rod 109 is passed down the central 
liamen 136 of delivery catheter 106. As the push rod's 
straight, substantially rigid elongated body 157 is 
passed down central limen 136 of delivery catheter 106, 
it forces the delivery catheter 106 to assume a 
straight configuration at the point where the straight, 
substantially rigid elongated body 157 currently 
resides (Fig. 7). As push rod 109 is pushed down 
delivery catheter 106, balloon 139 holds -the distal end 
127 of the delivery catheter 106 in position within 
coronary sinus 30. 

Push rod 109 is pushed down delivery catheter 106, 
utilizing proximal handle 160 as needed, until the 
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Straight, substantially rigid elongated body 157 is 
located adjacent to the posterior annulus 33 of mitral 
valve 36 (Fig* 7) . As this occurs, the presence of the 
straight, substantially rigid elongated body 157 in 
delivery catheter 106 causes at least a portion of 
coronary sinus 30 to assume a substantially straight 
configuration at this point, so that the posterior 
annulus 33 of mitral valve 36 is forced anteriorly. 
This causes the mitral valve's posterior leaflet 39 to 
move anteriorly so as to improve mitral valve leaflet 
coaptation and thereby reduce (or completely eliminate) 
mitral valve regurgitation. In this respect, it should 
be appreciated that the posterior annulus 33 may be 
shifted anteriorly so as to achieve, or to attempt to 
achieve to the extent anatomically possible, 
leaflet-to-leaflet engagement or leaf let-to-annulus 
engagement (e.g., where a leaflet may be tethered due 
to left ventricular distortion) . Both of these types 
of engagement, or targeted engagement, are intended to 
be encompassed by the terms '^improved leaflet 
coaptation" and/or ^^increased leaflet coaptation'' and 
the like- Using standard visualization means (e.g. 
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echocardiography or fluoroscopy) , the exact position of 
the straight^ substantially rigid elongated body 157 is 
adjusted so as to reduce (or completely eliminate) 
regurgitation in mitral valve 36. 

In this respect, it should be appreciated that the 
straight, substantially rigid elongated body 157 is 
preferably sized to be somewhat less than the length of 
the coronary sinus between coronary ostium 27 and AIV 
32. However, in some circumstances it may be desirable 
to size the straight, substantially rigid elongated 
body 157 so that it will extend out of the coronary 
sinus 30 and into the right atrium 24. 

Furthermore, it should also be appreciated that 
the system provides a degree of tactile feedback to the 
user during deployment. More particularly, substantial 
resistance will typically be encountered as the 
straight, substantially rigid elongated body 157 .is 
pushed out of right atrium 24 and into coronary sinus 
30; then resistance will typically drop as body 157 is 
moved through the coronary sinus; and then resistance 
will typically increase significantly again as the 
distal end 151 of push rod 109, and/or the leading 
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distal tip of body 157^ comes to the far end 31 of the 
coronary sinus. Thus, there is something of a tactile 
^^sweet spot" when the straight, svibstantially rigid 
elongated body 157 is located in the coronary sinus 
between coronary ostiiam 27 and AIV 32, and this tactile 

sweet spot" can be helpful to the user in positioning 
the straight, substantially rigid elongated body 157 in 
coronary sinus 30. 

At this point in the procedure, the straight, 
substantially rigid elongated body 157 is locked in 
position, e.g., by closing adjustable valve 133 (Fig. 
3), and balloon 139 may be deflated. 

System 100, less guidewire 103, is left in this 
position until it is no longer needed. In some cases, 
this may mean that system 100 is left in position for a 
period of a few hours, days or weeks; in other cases 
system 100 may be substantially permanent. If and when 
system 100 is to be removed, push rod 109 is removed 
from delivery catheter 106, and then delivery catheter 
106 is removed from the patient. 

Thus, it will be seen that with the present 
invention, the straight, substantially rigid elongated 
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body 157 is essentially force-fit into the normally 
curved portion of the coronary sinus adjacent to the 
mitral valve's posterior leaflet 39. By properly 
sizing the length of the straight, substantially rigid 
elongated body 157 relative to the natural curvature of 
the patient's anatomy, and by properly positioning the 
straight, substantially rigid elongated body 157 in the 
patient's coronary sinus, the straight, substantially 
rigid elongated body will cause at least a portion of 
the coronary sinus to assume a substantially straight 
configuration adjacent to the posterior leaflet 39 of 
the mitral valve 36. This action will, in turn, drive 
the posterior annulus of the mitral valve anteriorly, 
so as to in4>rove leaflet coaptation and thereby reduce 
mitral regurgitation. Thus, by inserting the straight, 
substantially rigid elongated body 157 into the 
coronary sinus 30 adjacent to the posterior leaflet 39 
of the mitral valve 36, the annulus 33 of the mitral 
valve is effectively manipulated so that it will assume 
an increased radius of curvature. 

As noted above, by properly sizing the length of 
the straight, substantially rigid elongated body 157 
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relative to the natural curvature of the patient's 
anatomy, and by properly positioning the straight, 
substantially rigid elongated body 157 in the patient's 
coronary sinus, the straight, substantially rigid 
elongated body will cause at least a portion of the 
coronary sinus to assume a substantially straight 
configuration adjacent to the posterior leaflet 39 of 
the mitral valve 36, whereby to drive the posterior 
annulus of the mitral valve anteriorly, so as to 
improve leaflet coaptation and thereby reduce mitral 
regurgitation. To this end, push rod 109 is preferably 
provided as part of a kit having a plurality of ' 
different push rods 109, each with a differently-sized 
elongated body 157, whereby a physician may select and 
deploy the appropriately-sized elongated body 157 for a 
specific patient's anatomy. Furthermore, if upon 
deployment it should be discovered (e.g., under 
echocardiography or fluoroscopy) that a different size 
of elongated body 157 is needed, the first push rod 109 
may be replaced by a second push rod having the desired 
size of elongated body 157. 
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It has also been found that by inserting the 
straight^ substantially rigid elongated body 157 into 
the coronary sinus adjacent to the posterior leaflet of 
the mitral valve, the left ventricle may be remodeled 
so as to help alleviate congestive heart failure. 

It is significant to note that with the present 
invention, the distal and proximal ends of straight, 
substantially rigid elongated body 157 apply a 
posteriorly-directed force on the walls of coronary 
sinus 30 (e.g., as shown with arrows P in Fig. 7) while 
the intermediate portion of straight, substantially 
rigid elongated body 157 applies an anteriorly-directed 
force on the walls of coronary sinus 30 (e.g., as shown 
with arrows A in Fig. 7) . 

In some cases, the proximal end 130 of delivery 
catheter 106 may be fixed to the patient's outer skin, 
using standard patient care methods such as adhesive 
tape, pursestring sutures, skin staples, etc. In other 
cases, proximal end 130 of delivery catheter 106 may 
include a sewing cuff whereby the delivery catheter may 
be secured to the patient's tissue by suturing. See, 
for example. Fig. 8, where a sewing cuff 166 is shown 
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attached to the proximal end 130 of delivery catheter 
106. If desiredr an element 169 may be provided 
proximal to adjustable valve 133, whereby flexible push 
rod 109 may be made fast to delivery catheter 106. By 
way of example, element 169 may comprise a crimpable 
element to secure flexible push rod 109 to delivery 
catheter 106, which is in turn secured to the patient, 
e.g., with sewing cuff 166. 

If desired, the proximal end of the assembly may . 
be embedded under the skin of the patient, e.g., in the 
case of a permanent implant. 

As noted above, it can be helpful to anchor the 
distal end of delivery catheter 106 in position within 
the coronary sinus prior to pushing push rod 109 into 
the delivery catheter. Such an arrangement will keep 
the delivery catheter in place as the push rod makes 
the turn within the right atrium and enters the 
coronary sinus. In the absence of such anchoring, the 
push rod may drive the delivery catheter down the 
inferior vena cava 21 (Fig. 1) . By securing the distal 
end of delivery catheter 106 to the walls of coronary 
sinus 30, the delivery catheter can be stabilized 
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against diversion down the inferior vena cava 21 when 
the straight r substantially rigid elongate body 157 
encounters initial resistance to making the turn into 
the coronary sinus. 

The balloon 139 is one way of accomplishing such 
anchoring. However, it is also possible to utilize 
other types of securing mechanisms to anchor the distal 
end 127 of delivery catheter 106 in position within 
coronary sinus 30, e.g., spring clips, ribs, etc. If 
desired, the distal end 151 of push rod 109 may itself 
be provided with a distal anchor, e.g., such as the 
distal anchor 172 shown in Fig. 9. Such a distal 
anchor on push rod 109 can help hold the straight, 
substantially rigid elongated body 157 in proper 
position within coronary sinus 30. 

It is also possible to prevent diversion of 
delivery catheter 106 down inferior vena cava 21 
without anchoring the distal end of delivery catheter 
106 to the walls of the coronary sinus. More 
particularly, and looking now at Fig. 9A, there is 
shown a support catheter 173 which is formed out of a 
more rigid material than delivery catheter 106. 
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Support catheter 173 is constructed so that its distal 
end 174 can be positioned in coronary ostium 27 and 
then its sidewall 174A can support delivery catheter 
106 adjacent to inferior vena cava 21 when push rod 109 
is passed down delivery catheter 106, whereby to 
prevent delivery catheter 106 from diverting down 
inferior vena cava 21. Fig. 9A also shows an 
introducer catheter 17 4B at the entrance to jugular 
vein 18* 

Looking next at Fig. 9B, there is shown a push rod 
112A which con^rises an alternative form of push rod. 
Push rod 112A comprises a flexible body 148A having a 
distal end 151A and a proximal end 154A. Preferably, 
flexible body 148A is formed out of a superelastic 
shape memory alloy, such as Nitinol. A straight, 
substantially rigid member 157A is formed on flexible 
body 14 8A, proximal to distal end 151A. Substantially 
rigid member 157A can have a variety of different 
lengths so as to accommodate different patient 
anatomies. A tube 158A is positioned concentrically 
over flexible body 148A and extends, for at least part 
of the distance between substantially rigid member 157A 
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and a locking collar 159A secured to proximal end 154A 
of flexible body 148A. Tube 158A serves as a stiffener 
or reinforcer for flexible body 148A, whereby flexible 
body 148A can have the flexibility required 
(particularly at its distal end 15 lA) to traverse 
tortuous vascular passages, yet have the column 
strength, particularly at its proximal end 154A, to 
advance flexible body 14 8A by pushing. In addition, 
tube 158A can be sized so as to have a diameter just 
slightly smaller than the internal diameter of delivery 
catheter 106, whereby to further support flexible body 
148A- In one preferred form of the invention, tube 
158A preferably coit4>rises a PEEK tube. 

Looking next at Fig. 9C, flexible body 148A can 
also be necked down, e.g., as shown at 220A, so as to 
further increase the flexibility of flexible body 14 8A 
distal to tube 158A. 

Flexible push rod 112A preferably is a device with 
a series of changes in stiffness and flexibility that 
allow the device to be bending flexible and have column 
strength sufficient to pass through, a tortuous path, 
such as the vascular system of a patient, yet have 
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specific areas of stiffness to reduce mitral valve 
regurgitation by pushing the posterior annulus 
anteriorly and thus closing the gap between the 
anterior and posterior leaflets of the mitral valve. 
One preferred embodiment of this device is a single rod 
of superelastic material, such as Nitinol, that has a 
plurality of changes in diameter that allow for 
appropriate bending flexibility. At the same time, the 
largest diameter section has a bending stiffness 
sufficient to push the posterior, annulus anteriorly. 
The longest portions of the rod may have serrations 
that provide bending flexibility along with column 
strength. 

Alternatively, and looking next at Fig. 9D, it is 
also possible to provide additional flexibility to 
flexible body .14 8A by severing the flexible body along 
its length and then connecting the two severed portions 
with a flexible tube or wire, e.g., such as is shown at 
225. 

In addition to the foregoing, in an alternative 
embodiment as shown in Fig. 9E, it is also possible to 
use a support catheter 162, preferably with a pre- 
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formed tip 164, which could be advanced over guidewire 
103, whereby pre-fontied tip 164 of support catheter 162 
would engage the opening of the coronary sinus 30. The 
distalmost portion of the pre- formed tip 164 is 
sufficiently flexible to execute extreme bends, and may 
be of reduced diameter, so as to facilitate deployment 
into the coronary sinus. At the same time, the region 
proximal to the distalmost portion is preferably 
substantially more rigid, e.g., with a rigidity similar 
to the sidewall 17 4 A of support catheter 173, so as to 
prevent diversion down inferior vena cava 21. Upon 
successful engagement and advancement of the support 
catheter tip 164 a short distance into the coronary 
sinus, guidewire 103 is removed. Then delivery 
catheter 106 is advanced toward and into the coronary 
sinus through. the central lumen 165 of support catheter 
162. Then, push rod 109 would be advanced within 
central lumen 136 of the delivery catheter 106 into the 
coronary sinus and into position as described herein. 

It is also envisioned that the structure of the 
delivery catheter 106 may be modified so as to add a 
region 163 (Figs. 9F) of increased stiffness proximal 
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to the distal tip 127 of delivery catheter 106. In 
this way the distal tip of delivery catheter 106 will 
be sufficiently flexible for placement into the 
coronary sinus, yet the body of delivery catheter will 
be rigid enough to prevent diversion down the inferior 
vena cava during the delivery of push rod 109- Where 
delivery catheter 106 includes an intermediate region 
of increased stiffness r it should not be necessary to 
utilize a support catheter 173 or a support catheter 
162 to prevent diversion down the inferior vena cava. 

As noted above, as push rod 109 (or 112A) is 
advanced to the region adjacent to the posterior 
annulus of the mitral valve, the straight, 
substantially rigid elongated body 157 (or 157 A) 
distorts the natural configuration of the coronary 
sinus so that it assumes a substantially straight 
configuration. While this action induces the desired 
valve remodeling, it can also induce a significant 
stress on the walls of the coronary sinus, particularly 
at the distal and proximal ends of the straight, 
substantially rigid elongated body 157 (or 157A) , where 
stress will be concentrated. To this end, the 
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construction of the straight, siibstantially rigid 
elongated body 157 (or 157A) may be modified somewhat 
so as to better distribute this stress. 

More particularly, and looking next at Fig. 10, 
the distal and proximal ends of straight, substantially 
rigid elongated body 157 may include relatively 
flexible portions 175 to help better distribute the 
stress exerted on the walls of the coronary sinus. 
Additionally, and/or alternatively, any taper applied 
to the distal and proximal ends of straight, 
substantially rigid elongated body 157 may be 
elongated, e.g., such as shown at 178^ in Fig. 11, so as 
to better distribute the stress imposed on the walls of 
the coronary sinus. 

In the preceding discussion of system- 100, push 
rod 109 is described as being inserted to the surgical 
site through the delivery catheter 106 and remaining 
within delivery catheter 106 while at the surgical site 
and, when push rod 109 is to be removed, removing push 
rod 109 and then delivery catheter 106. However, if 
desired, once push rod 109 has been deployed at the 
surgical site, delivery catheter 106 may then be 
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removed, leaving just push rod 109 at the surgical 
site. See, for example. Fig. IIA. 

It is also possible to advance push rod 109 
directly to the surgical site without passing it 
through a delivery catheter; in this case push rod 109 
would be advanced on its own through the intervening 
vascular structure until it is deployed in coronary 
sinus 30. 

Referring to Fig. IIB, it will be seen that the 
body 157 may be provided with extended strain relief 
tapers 200 and a non-traumatic distal tip 202 in a body 
having a cross-section of a circular configuration 
(Fig. IIC) , which provides the advantage of rotational 
symmetry. 

In Figs. IID and IIB, there is shown a similar 
body 157 with extended strain relief tapers 200 and 
non-traumatic tip 202, but of a generally ^^square" 
configuration with rounded corners, in cross-section, 
which provides four stable orientations. 

In Figs, IIF and IIG, there is shown a similar 
body 157 which is generally rectangular in cross- 
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section. The rectangular configuration offers 
increased flexibility in two stable orientations. 

As illustrated in Figs. IIH, 111, IIJ and IIK, the 
body 157, whether circular (Figs. IIH and 111) or 
generally rectangular (Figs. IIJ and IIK) , may be 
hollow and of a metal construction. Tubular hollow 
cross-sections can provide additional flexure. 

In Figs. IIL-IIP, there are shown embodiments in 
which an elastomeric outer body 204 is molded over a 
metal tube 206 (Figs. IIL and IIP) or over a metal rod 
208 (Fig. UN) . The tubes 206 may be empty (Fig. IIP) 
or filled with an appropriate metal or other material 
207 (Fig. IIL) . 

All of the embodiments of Figs. IIL-IIP may be 
molded with barbs 210 (shown in Fig. IIP) which are 
engageable with the interior of the delivery catheter 
106 and/or the walls of the coronary sinus 30 so as to 
help stabilize the longitudinal position of body 157. 

In Figs. IIR and IIS, there are illustrated 
stepped strain relief segments 212, and in Fig. HQ 
there is shown an embodiment in which there are 
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provided a series of metal and/or plastic strain relief 
segments 213. 

During introduction, the body 157 must negotiate 
two difficult turns and several less tortuous ones. 
The two difficult ones are (1) a small radium 80 to 120 
degree turn as the device begins to enter the coronary 
ostium, and (2) the 160 to 200 degree turn around the 
coronary sinus. Two problems must be overcome in order 
to successfully place the body 157 in the coronary 
sinus. First, there is a tendency for the delivery 
catheter 106 to withdraw from the coronary sinus as the 
body 157 is advancing into the coronary sinus. Second, 
once the body 157 has entered the coronary sinus, the 
forces required to advance it into its correct position 
can cause the delivery catheter 106 to prolapse down 
the inferior vena cava (in the case of a jugular or 
subclavian approach) or up into the right atrixam or 
superior vena cava (in the case of a femoral vein 
approach) . Once the delivery catheter has prolapsed, 
further advancement of the body 157 is generally very 
difficult. Several features of the body 157 and 
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introducer systems disclosed above and hereinbelow may 
be incorporated to solve these introduction problems. 

The difficulties associated with introduction of 
the body 157 illustrate the benefit of an articulating 
(i.e. active) body over a non-articulating (passive) 
body. An articulating body requires significantly 
smaller forces during introduction, mitigating the 
anchoring features required to eliminate catheter 
withdrawal and prolapse. The liability of the 
articulating (i.e., active body), however, is that it 
requires a more complex mechanism. 

The body 157 must be able to resist bending 
moments in order to appropriately deform the mitral 
annulus. Note that, for the body described above, this 
requirement directly conflicts with the ability to 
negotiate the sharp turn into the coronary ostium. For 
a non-articulating (i.e., passive) body, a balance must 
generally be struck between flexibility (for 
introduction) and stiffness (for in-situ 
functionality) . 

The force loading and strain reliefs for the body 
157 are shown in Fig. IIT. A high, distributed center 
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load 140 is imparted by the mitral annulus and smaller 
(approximately half) loads 141 on either strain relief 
200 are imparted by the coronary sinus. 

The stress-strain curves for stainless steel and 
5 nickel titanium are shown in Fig. IIU. Stress is 

defined as force per unit area, and strain is defined 
as elongation per unit length. For simplicity, a pure 
tensile case will be described first. The slightly 
more complicated condition of bending will be described 
10 next. 

In pure tension, the stress is uniformly 
distributed across the area of the body. As a result, 
the force-deflection and stress-strain curves are 
similar to each other, as seen in Fig. IIV. 

15 In bending, the stress distribution in not uniform 

throughout the body, but is distributed. The. outer 
fibers of the body 157 are at higher strain levels than 
those close to the neutral axis. This outer fiber 
strain limits the amount of bend that the body can 

20 tolerate. Sharper bends mean higher strains. 

After a body 157 has been loaded beyond its 
proportional limit, it will retain some residual strain 
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when it is unloaded. This residual strain will 
manifest itself as a permanent elongation in the case 
of a tensile strain, or as a residual bend in the case 
of a bending strain. A residual bend in the body will 
have a very specific detrimental effect on the 
performance of the body. Due to the lubricity of the 
vessels, a round body with a residual bend will 
self-align to the minimum energy condition where the 
bend of the body coincides with the bend of the 
coronary sinus. As a result, the amount of bend in the 
body directly subtracts from the deflection of the 
mitral annulus. Larger residual strains will result in 
larger residual bends, and larger ^^losf deflection. 

In can be seen in Fig. IIV that stainless steel 
can be stretched to approximately 1% and return with a 
residual strain of 0.5%, while nickel titanium can be 
stretched to approximately 6% and return with the same 
residual strain. This means that nickel titanium can 
bend around much sharper bends, and return with an 
equivalent residual strain. 

In the inventive method, the body 157 preferably 
is placed with a percutaneous procedure. When 
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introducing the body^ it must negotiate some relatively 
sharp turns on its way to the coronary sinus. A body 
fabricated from non-superelastic material (such as 
stainless steel) will retain the residual curvature 
imparted upon the body by the flexure required to 
negotiate the sharp curves. This residual curvature 
will detrimentally affect the performance of the body, 
subtracting from the resultant deflection of the mitral 
annulus. The use of a body fabricated from a 
superelastic material will negotiate these sharp curves 
without acquiring this detrimental residual curvature. 

As shown in the stress-strain curves presented in 
Fig. IIV, the stress in the stainless steel continues 
to rise between 0 and 1% (although at a slower rate 
above 0.4%), With the nickel titanium, however, the 
stress reaches a plateau level at a strain of about 2%. 
Between 2% and 6% strain, the stress remains almost 
constant at about 80 ksi. 

Since stress correlates to bending forces in the 
body, it can be seen that the stress plateau has the 
very desirable effect of putting an upper limit on the 
forces that are required to bend the device and strain 
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reliefs • The plateau feature of the nickel titanium 
allows placing an upper limit on the amount of stress 
put on the tissue that is causing the body or strain 
reliefs to bend. With careful design, this intrinsic 
feature of nickel titanium results in two specific 
benefits: 

(1) During insertion of the body 157, the body 
exerts high side loads on the tissues adjacent to the 
body. These tissues are deflected out of the way of 
the body, and the body itself bends in response to 
these side loads. The most severe side load is placed 
on the tissue immediately superior to the coronary 
ostium in the right atrium. The plateau in the stress- 
strain also allows the selection of an upper limit to 
the forces exerted on the heart tissue as the device 
negotiates this curve. Once the maximum side load has 
been reached (corresponding to the plateau stress), it 
will require little extra side load to cause the body 
to bend into a much sharper curve. 

(2) In a similar fashion to the situation 
described above, the plateau in the stress-strain curve 
allows the selection of an upper limit on the forces 
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(i.e., stresses) that will be exerted on the coronary 
sinus by the strain reliefs. 

Accordingly, it is preferable that the straight, 
substantially rigid, elongated body 157 be of nickel 
titanium, or an alloy thereof. In bodies 157 featuring 
a combination of elastomeric material and metal (e.g., 
such as those shown in Figs. IIL-IIP), a preferred 
metal is, similarly, nickel titanium or an alloy 
thereof. 

Looking next at Fig. 12, there is shown a system 
181 which comprises another preferred embodiment of the 
present invention. More particularly, system 181 
generally comprises the guidewire 103, a straight, 
substantially rigid elongated body 184 and a push 
cannula 187. 

Guidewire 103 is as previously described. 

Straight, substantially rigid elongated body 184, 
which may have a variety of different lengths, 
comprises a distal end 188 and a proximal end 190. A 
central lumen 193 extends between distal end 188 and 
proximal end 190. Central lumen 193 accommodates 
guidewire 103. 



wo 03/059198 



PCTAJS03/00971 



- 50 - 

Push cannula 187 comprises a distal end 194 and a 
proximal end 196, A central lumen 199 extends between 
distal end 194 and proximal end 196. Central lumen 199 
accommodates guidewire 103. 

As a result of this construction, elongated body 
184 and push cannula 187 may be mounted on guidewire 
103, and push cannula 187 may be used to push elongated 
body 184 down guidewire 103 (Fig. 13). 

System 181 may be used as follows to reduce mitral 
regurgitation . 

First, distal end 115 of guidewire 103 is passed 
down jugular vein 18 (or the left subclavian vein 15) 
of a patient, down superior vena cava 9, through right 
atrium 24 of the heart, and into coronary sinus 30 
(Fig- 14) . It will be appreciated that as flexible 
guidewire 103 is passed down coronary sinus 30, the 
guidewire tends to assume the natural curved shape of 
the coronary sinus, due to the flexible nature of the 
guidewire. The guidewire' s atraumatic spring tip 121 
helps minimize damage to vascular structures as the 
guidewire is advanced into position. 
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Next, distal end 188 of straight, substantially 
rigid elongated body 184 is placed over proximal end 
118 of guidewire 103 and passed a short distance down 
the guidewire. Then the distal end 194 of push cannula 
187 is placed over proximal end 118 of guidewire 103, 
and then push cannula 187 is advanced down the 
guidewire. As push cannula 187 is advanced down the 
guidewire, its distal end 194 pushes the straight, 
substantially rigid elongated body 184 ahead of it 
(Fig. 15) . 

As the straight, substantially rigid elongated 
body 184 is passed down the coronary sinus 30, it 
forces the coronary sinus to assume a straight 
configuration at the point where the straight, 
substantially rigid elongated body 184 currently 
resides. Push cannula 187 is pushed down guidewire 103 
as needed, until the straight, sxibstantially rigid 
elongated body 184 is located adjacent to the posterior 
annulus of the mitral valve (Fig. 16). As this 
occurs, the presence of the straight, substantially 
rigid elongated body 184 in the coronary sinus 30 
causes the coronary sinus to assume a substantially 
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straight configuration at this point, so that the 
posterior annulus of the mitral valve is forced 
anteriorly. This causes the posterior mitral valve 
leaflet to also move anteriorly so as to improve 
leaflet coaptation and thereby reduce, or eliminate, 
mitral valve regurgitation. Using standard 
visualization means (e.g. echocardiography or 
fluoroscopy) , the exact position of the straight, 
substantially rigid elongated body 184 may be adjusted 
so as to reduce, or eliminate regurgitation in the 
mitral valve. 

If desired, the push cannula 187 may be provided 
with a releasably attachable interface (e.g., a 
grasper) so that it may releascibly secure the proximal 
end 190 of the straight, substantially rigid elongated 
body 184. Such a feature will permit the straight, 
substantially rigid elongated body 184 to be pulled 
backward within the coronary sinus, either for 
positioning or removal purposes. 

Where elongated body 184 is to be left within the 
body for a substantial period of time, it is possible 
to leave the apparatus in the position shown in Fig. 
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103 and at the end of push cannula 187. Alternatively, 
guidewire 103 and/or push cannula 187 may be. removed, 
leaving just elongated body 184 deployed at the 
surgical site (Fig^ 16A) . To the extent that elongated 
body 184 may be left by itself at the surgical site, it 
may be desirable to provide elongated body 184 with an 
eyelet or hook or other graspable feature G (Fig. 16B) 
such that a retriever R may thereafter be used to 
easily grapple and extract the elongated body 184 from 
the surgical site. 

If desired, the straight, substantially rigid 
elongated body 184 may include relatively flexible 
portions 175 and/or elongated relatively flexible 
portions 178 at its distal and proximal ends so as to 
better distribute the loads on the coronary sinus. 

In a further alternative embodiment, straight 
inflexible body 184 is an integral part of flexible 
delivery catheter 106 (Fig. 16C) . The catheter 106 
remains in place after the positioning of the body 184, 
as shown in Fig. 16D) . 
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When the combination delivery catheter 106 and 
body 184 is deployed within coronary sinus 30, the 
flexible delivery catheter 106 serves as a strain 
relief means. This strain relief means minimizes 
5 traima to the walls of the coronary sinus by spreading 

the loads at the proximal and distal ends of the body 
184 over a greater length of the coronary sinus walls. 

Elongated body 157 and/or elongated body 184 may 
have any of a variety of non-straight shapes along its 

10 length. For example, the elongated body may be wavy, 

spiraled, or curved along all or a portion of its 
length. By way of example, elongated body 157 and/or 
184 may have a curved configuration so as to invert the 
natural curvature of the coronary sinus, i.e., so that 

15 it is bowed towards the anterior annulus. Or the 

elongated body may have a compound shape along its 
length, e.g., it may have a sort of ^^w" shape, with the 
center of the "^^w" being directed towards the anterior 
annulus. See, for example. Fig. 17, which shows a push 

20 rod 109 having an elongated body 157 with a ^'w'' type of 

shape; and see Fig. 18, which shows an elongated body 
184 with a ^^w'' type of shape. See also Figs. 19 and 
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20, which show a shaped elongated body 184 being 
advanced down guidewire 103 (Fig. 19) to a position 
adjacent to itdtral valve 36 (Fig. 20) , whereby to 
reduce mitral regurgitation. Any of the aforementioned 
elongated body shapes ^ or other alternative shapes, may 
effect the anterior displacement of the posterior 
annulus that results in reduction of the mitral valve 
regurgitation. 

It is preferable that use of the present invention 
not result in occlusion of coronary sinus 30. Thus, 
with system 100 shown in Fig. 3, delivery catheter 106 
is preferably sized so as to have a diameter less than 
the diameter of coronary sinus 30, so that blood may 
flow about the perimeter of delivery catheter 106 when 
delivery catheter 106 is disposed in coronary sinus 30. 
Alternatively, and/or additionally, and looking now at 
Figs. 21 and 22, delivery catheter 106 may be provided 
with one or more longitudinally-extending surface 
grooves SG so as to facilitate blood flow past the 
perimeter of delivery catheter 106. Similarly, with 
system 181 shown in Fig. 12, elongated body 184 is 
preferably sized so as to have a diameter less that the 
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diameter of coronary sinus 30, so that blood may flow 
about the perimeter of elongated body 184 when 
elongated body 184 is disposed in coronary sinus 30. 
Alternatively, and/or additionally, and looking now at 
Figs. 23 and 24, elongated body 184 may be provided 
with one or more longitudinally-extending surface 
grooves SG so as to facilitate blood flow past the 
perimeter of elongated body 184. 

There are at least three possible configurations 
for the mitral regurgitation reduction assembly, 
namely, (i) a non-drop-off body, (ii) a drop-off body 
with a detachable short length of a delivery catheter 
and, (iii) a drop-off body without the short delivery 
catheter segment. 

The drop-off body 184 without a short section of 
delivery catheter is easily appreciated. In one form 
of the invention, it may comprise the system shown in 
Fig. 12. In another form of the invention, the push 
rod 109 is provided with a detachable joint 230 (Fig. 
24A) near the proximal end of the body 184. The 
delivery catheter 106 is introduced into place in the 
coronary sinus, as described above, the body is 
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advanced into placer and the delivery catheter 106 and 
push rod 187 are withdrawn, leaving only the body 184 
in place, as shown in Fig. 16A. 

The drop-off design that leaves a short section of 
the delivery catheter 106 in place is shown in Figs. 
24A-24D. This design requires an annular locking 
mechanism between the body and the delivery catheter 
106. Embodiments of annular locking mechanism are 
described hereinbelow. The drop-off embodiment 
requires a break— away joint 232 in the delivery 
catheter 106, as well as the breakaway joint 230 in the 
push rod 12 A. 

In the non-drop-off design (Figs. 24E, 24F and 
24G) the delivery catheter 106 remains indwelling and 
extends from the body 157 (or 184) all the way to the 
puncture site 234. The non-drop-off prosthetic bodies 
(active or passive) are identical to their diagnostic 
counterparts, with the additional needs for a long 
term, reliable anchor and proximal termination of the 
delivery catheter 106 and push- rod 109. 

Once the body 157 or 184 is correctly placed, the 
delivery catheter 106 (and push rod 109 in the case of 
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body 157) are snipped and terminated near the 
perforation site 234- This site will be the neck, 
chest or thigh in the case of a jugular, subclavian or 
femoral vein approach, respectively. Crimping and/or 
adhesive bonding in the annular space between the push 
rod and the delivery catheter provides reliable 
fixation of these two components. Once these 
components have been secured, the proximal end of the 
assembly is capped and terminated in a manner similar 
to the techniques used to implant subcutaneous pacing 
leads. The fixation of the delivery catheter 106 to 
the push rod/body assembly assures that there can be no 
relative motion between these components, and therefore 
the body 157, 184 cannot migrate within the delivery 
catheter 106. 

An additional feature of prosthetic designs that 
leave an indwelling delivery catheter is the ability to 
close the proximal end of the catheter. It is 
desirable to close off this relatively large lumen to 
avoid clot formation within the lumen, and the 
concomitant risk of embolus. A cap 236 designed to 
permit this closure is shown in Fig. 24H. The cap 236 



wo 03/059198 



PCT/WS03/00971 



- 59 - 

can close the delivery catheter 106 at any point along 
its length, from the proximal end of a non-drop-of f 
prosthetic device to the proximal end of the drop-off 
prosthetic. device. 

A second embodiment of a delivery catheter cap is 
shown in Figs. 24J-24P. This device is constructed of 
a short length of malleable metal 238 surrounded by a 
woven mesh collar 240 fixed to a mesh tab 242. When 
terminating the system with this cap, the delivery 
catheter 106 and push rod are sectioned as before. The 
cap is then slid over the end of the delivery catheter 
106, the collar 240 of the crimp is crushed onto the 
delivery catheter (Fig. 24M) , securely locking the 
delivery catheter and push rod together.' The woven 
mesh tab 242 is then folded over the mesh collar 240 
and delivery catheter 106 (Fig. 24N) and pressed 
against the mesh collar 240 and catheter 162 (Fig. 
24P) . 

In system 100 (Fig. 3) and in system 181 (Fig. 
12), the elongated bodies 157 and 184 are shown 
coit^)letely formed prior to their deployment in the 
patient. However, it is also possible to form 
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elongated body 157 and/or elongated body 184 in situ 
from a plurality of smaller elements. 

Thus, for example, in Figs. 25-27 there is shown 
an alternative form of push rod 109 for use with 
guidewire 103 and delivery catheter 106. More 
particularly, push rod 109 comprises flexible body 148 
and a plurality of substantially rigid elongated 
elements 157A, 157B, 157C, etc. which collectively form 
the complete elongated body 157. Preferably, the 
distalmost elongated element 157A is fixed to flexible 
body 148 while the remaining elongated elements 157B, 
157C, 157D, etc. are free to slide on flexible body 
148. In addition, elongated elements 157A, 157B, 157C, 
etc. preferably include connectors C for permitting one 
elongated element to be secured to a neighboring 
elongated body. The connectors C shown in Fig. 25 
comprise male and female screw type connectors; 
however, other types of connectors may also be used. 

By assembling the elongated body 157 in situ using 
a plurality of elongated elements 157A, 157B, 157C, 
etc., it is possible to create an elongated body 157 
which is perfectly sized to the needs of the patient. 
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The push rod 109 shown in Figs. 25-27 may be used 
as follows. First, guidewire 103 is passed down to the 
coronary sinus 30 (Fig. 28) . Then delivery catheter 
106 is passed down guidewire 103 and into the coronary 
sinus (Figs. 28 and 29). Then the guidewire 103 is 
withdrawn from the surgical site and replaced by the 
push rod's flexible body 148 with elongated element 
i57A attached (Fig. 30) . Next, a plurality of 
elongated elements 157B, 157C, 157D, etc. are slid down 
flexible body 148 (Fig. 31) and secured to elongated 
elemient 157A (and any preceding elongated element) . As 
many elongated elements 157A, 157B, 157C, etc. are used 
as is necessary to effect the desired leaflet 
coaptation (Fig. 32) . 

In Figs. 32A-32C, there is shown another form of 
push rod 109. More particularly, with this form of the 
push rod, elongated body 157 is formed by a plurality 
of elongated elements 157A, 157B, 157C, etc. which 
collectively form the complete elongated body 157. 
Preferably the distalmost elongated element 157 A is 
fixed to flexible body 148 while the remaining 
elongated elements 157A, 157B, 157C, etc. are free to 
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slide on flexible body 148. With this version of the 
invention, elongated body 157 may be formed in situ by 
moving elongated elements 157A, 157B, 157C, etc. 
distally, with distalmost elongated element 157A acting 
as a distal stop,- and then keeping elongated elements 
157A, 157B, 157Cr etc. biased distally with a holding 
mechanism, e.g., a crimp CR. 

In Figs. 25-32, and in Figs. 32A-32C, elongated 
elements 157A, 157B, 157C, etc. are shown configured so 
as to form a substantially straight elongated body 157. 
However, if desired, elongated elements 157A, 157B, 
157C, etc. could have alternative configurations so as 
to form other body shapes. Thus, for example, in Fig. 
32D elongated elements 157A, 157B, 157C, etc. are shown 
forming a curved elongated body 157, and in Fig. 32E 
elongated elements 157A,. 157B, 157C, etc. are shown 
forming a composite curved-and-straight elongated body 
157. It will be appreciated that still other shapes 
may be formed by elongated elements 157A, 157B, 157C, 
etc. In this respect, it will be appreciated that the 
shapes of elongated body 157 may be established either 
by (1) forming elongated elements 157A, 157B, 157C, 
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etc. so that they have only one possible way of being 
assembled together^ or (2) by forming elongated 
elements 157A, 157B, 157C, etc. so that they have 
multiple ways of being assembled together. In this 
latter situation^ one possible way to vary the final 
configuration of elongated body 157 is by individually 
rotating various ones of elongated elements 157A, 157B, 
157C, etc., e.g., such as is shown in Figs. 32D and 
32E. 

As noted above, it is also possible to form the 
elongated body 184 of system 181 (Fig. 12) in situ from 
a plurality of smaller elements. 

Thus, for example, in Figs. 33 and 34 there is 
shown an alternative form of elongated body 184 which 
comprises a plurality of substantially rigid elongated 
elements 184A, 184B, 184C, etc. which collectively form 
the complete elongated body 184. In addition, 
elongated elements 184A, 184B, 184C, etc. preferably 
include connectors C for permitting one elongated 
element to be secured to a neighboring elongated 
element. The connectors C shown in Figs. 25 and 33 
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comprise male and female screw type connectors; 
however, other types of connectors may also be used. 

By assembling the elongated body 184 in situ using 
a plurality of elongated elements 184A, 184B, 184C, 
etc., it is possible to create an elongated body 184 
which is perfectly sized to the needs of the patient. 

The elongated body 184 shown in Figs. 33 and 34 
may be used as follows. First, guidewire 103 is passed 
down coronary sinus 30 (Fig. 35) . Then push cannula 
187 is used to push a plurality of elongated elements 
184Ay 184B, 184C, etc. down guidewire 103 and into the 
coronary sinus (Figs. 36 and 37) . As many elongated 
elements 184A, 184B, 184C, etc. are used as is 
necessary to effect the desired leaflet coaptation 
(Fig. 37). 

In Figs. 37A-37C, there is shown another form of 
elongated body 184. More particularly, with this form 
of elongated body, the elongated body 184 is formed by 
a plurality of elongated elements 184A, 184B, 184C, 
etc. which collectively form the complete elongated 
body 184. Preferably, all of the elongated elements 
184A, 184B, 184C, etc. are free to slide on guidewire 
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103. With this version of the invention^ elongated 
body 184 may be formed in situ by moving elongated 
elements 184A, 184B, 184C, etc. distally and then 
drawing them tightly together, e.g., such as by using a 
cinching system such as that shown in Fig. 37C and 
comprising a distal member DM and a crimp CR. 

Again, in Figs. 33-37, and in Figs. 37A-37C, 
elongated elements 184A, 184B, 184C, etc. are shown 
configured so as to form a substantially straight 
elongated body 184. However, if desired, elongated 
elements 184A, 184B, 184C, etc. could have alternative 
configurations so as to form other body shapes. Thus, 
for example, in Fig. 37D elongated elements 184A, 184B, 
184C, etc. are shown forming a curved elongated body 
184, and in Fig. 37E elongated elements 184A, 184B, 
184C, etc. are shown forming a composite curved-and- 
straight elongated body 184. It will be appreciated 
that still other shapes may be formed by elongated 
elements 184A, 184B, 184C, etc. In this respect it 
will be appreciated that the shapes of elongated body 
184 may be established either by (1) forming elongated 
elements 184A, 184B, 184C, etc. so that they, have only 
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one possible way of being assembled together, or (2) by 
forming elongated elements 184A, 184B, 184C, etc. so 
that they have multiple ways of being assembled 
together. In this latter situation, one possible way 
to vary the final configuration of elongated body 184 
is by individually rotating various ones of elongated 
elements 184A, 184B, 184C, etc., e.g., such as is shown 
in Figs. 37D and 37E. 

Looking next at Figs. 37F-37I, there is shown 
another form of push rod 109 having an elongated body 
157 formed by a plurality of elongated elements 157A, 
157B, 157C, etc. Each of the elongated elements 157A, 
157B, 157C, etc. is attached to flexible body 148 and 
is separated from adjacent elongated elements by a gap 
G- By orienting gaps G radially away from mitral valve 
36 (Fig- 37H) , push rod 109 will be able to curve as 
required so as to follow the natural curvature of the 
coronary sinus, e.g., during insertion of push rod 109 
into coronary sinus 30. However, by rotating flexible 
body 148 about its axis so that gaps G are oriented 180 
degrees opposite to that shown in Fig. 37H {i.e., as 
shown in Fig. 371), gaps G will be closed and push rod 
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109 will be straightened, whereby to apply an 
anteriorly-directed force to the posterior annulus of 
mitral valve 36 and reduce mitral regurgitation. 

Looking next at Figs. 37 J and 37K, there is shown 
another form of the invention. In this construction, 
an internal member IM has a plurality of slots SI and 
an external member EM has a plurality of slots SE. 
Internal member IM is concentrically received within 
external member EM. By orienting internal member IM 
and external member EM so that slots SI are aligned 
with slots SE (Fig. 37 J) , internal member IM and 
external member EM may be curved as required so as to 
follow the natural curvature of the coronary sinus, 
e.g. during insertion of the members into the coronary 
sinus. However, by orienting internal member IM and 
external member EM so that slots SI are oriented away 
from slots SE (Fig. 37K) , internal member IM and 
external member EM will be straightened, whereby to 
apply an anteriorly-directed force to the posterior 
annulus of the mitral valve and reduce mitral 
regurgitation . 
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In Figs. 37L and 37M/ there is shown a body 
assembly comprising two rigid tubes 262, 264 with an 
internal rod 266 comprised of three sections. The 
first and third sections 268, 270 of the internal rod 
266 are made from a generally flexible material, while 
the middle section 272 is made from inflexible 
material. When the flexible sections 268, 270 span the 
gap between the outer, rigid tubes 262, 264, the 
assembly can flex at the central point (Fig. 37L) . 
Once the assembly is in place, the rigid rod portion 
272 is pulled into place to span the gap between the 
outer tubes, generating a rigid, straight assembly 
(Fig.f 37M) . When removal of the assembly is desired, 
the rod is pulled by a pull wire 274 until the flexible 
segment 268 spans the gap, and the body 157 can once 
again flex in the middle. 

It is also possible to form elongated body 157 of 
push rod 109 (Fig. 3) with an inflatable construction. 
More particularly, and looking next at Fig. 38, there 
is shown a push rod 109 having an inflatable elongated 
body 157 in the form of a balloon B. The push rod's 
flexible body 148 includes an inflation lumen L which 
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communicates with the interior of balloon B, whereby 
fluid may be supplied to the interior of the balloon so 
as to inflate the balloon. The balloon B is 
constructed so that it has a flexible configuration 
when it is in a deflated condition and an elongated, 
straight configuration when it is in an inflated 
condition. 

The push rod 109 of Fig. 38 may be used as 
follows. First, guidewire 103 is advanced into the 
coronary sinus 30 (Fig. 4) . Then delivery catheter 106 
is advanced over guidewire 103 until the distal end of 
the delivery catheter is in coronary sinus 30 (Fig 5) . 
Next, guidewire 103 is withdrawn (Fig. 6). Then push 
rod 109, with elongated body 157 in a deflated 
condition, is advanced along the interior of delivery 
catheter 106 so that balloon B is adjacent to the 
mitral valve (Fig. 39) . Then balloon B is inflated, 
using inflation lumen L (Fig. 38), so that elongated 
body 157 assxames its elongated, straightening 
configuration (Fig. 40). As this occurs, the posterior 
annulus of the mitral valve is compressed anteriorly, 
so as to reduce mitral regurgitation- 
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It is also possible to form an inflatable 
elongated body 157 of push rod 109 with other 
configurations. By way of example, it is possible to 
form an inflatable body 157 with a piston-type 
configuration, whereby the body may be elongated or 
shortened as desired. More particularly, and looking 
now at Figs. 41 and 42, inflatable body 157 may 
comprise a distal portion 157' and a proximal portion 
157'', with the distal and proximal portions being in a 
sliding, piston-like relationship. As a result, fluid 
may be supplied to the combined interiors of the distal 
and proximal portions, so as to force the two elements 
apart relative to one another. 

In use, the push rod 109 of Figs. 41 and 42 is 
positioned in its compressed" state (Fig. 41), passed 
down the interior of delivery cannula 106 until 
inflatable elongated body 157 is positioned adjacent to 
the mitral valve, and then inflated (using inflation 
lumen L) into its ^'expanded" state (Fig. 42). As this 
occurs, the naturally curved coronary sinus is 
straightened, thereby pushing the posterior annulus of 
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the mitral valve anteriorly, whereby to reduce mitral 
regurgitation • 

In addition to the foregoing, it should also be 
appreciated that with respect to push rod 109, the 
flexible body 148 may comprise an .electrical lead for 
an implantable bi-ventricular pacing device and/or an 
electrical lead for an implantable cardio defibrillator 
device, etc. In this case, the distal end of flexible 
bpdy 148 would be elongated somewhat and would not 
reside within the coronary sinus; rather, it would be 
positioned within the tissue which is to receive the 
electrical stimulus while elongated body 157 is 
positioned adjacent to the mitral valve. Such a 
construction would allow the bi-ventricular pacing 
device and/or the implantable cardio defibrillator 
device to work in conjunction with elongated body 157 
to reduce mitral regurgitation. 

It should also be appreciated that the function of 
hydraulic energy employed to enlarge inflatable body 
157 may be substituted by a mechanical energy 
transformer such as a lead screw mechanism or an 
electromechanical solenoid. 
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In a corresponding fashion, the guidewire 103 over 
which elongated body 184 is deployed may also be in the 
form of an electrical lead for an implantable 
bi-ventricular pacing device and/or an electrical lead 
for an implantable cardio defibrillator device, etc. 
Again, in this case the distal end of the wire will be 
positioned within the tissue which is to receive the 
electrical stimulus while elongated body 184 is 
positioned adjacent to the mitral valve. Such a 
construction would allow the implantable 
bi-ventricular pacing device and/or the implantable 
cardio defibrillator device to work in conjunction with 
elongated body 157 to reduce mitral regurgitation. 

0 

Looking next at Figs. 43 and 44, there is shown 
yet another form of the present invention. In this 
form of the invention, there is provided an elongated 
shape memory alloy body SMA which is configured to be 
substantially flexible at a temperature Ti and 
substantially rigid and in a straight configuration at 
another temperature T2, where temperature T2 is nonaal 
body temperature. In this situation, body SMA is 
brought to temperature Ti, so that it may be inserted 
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more easily into the natural curvature of the coronary 
sinus, e.g., during insertion of body SMA into the 
coronary sinus (Fig. 43). However, when body SMA 
thereafter transitions to temperature T2, body SMA will 
assume its straight configuration (Fig. 44), whereby to 
apply an anteriorly-directed force to the posterior 
annulus of the mitral valve and reduce mitral 
regurgitation. It will be appreciated that the 
configuration of body SMA may be other than straight 
(i.e., ^^w" shape, etc.) to best displace the posterior 
annulus anteriorly. 

In other alternative embodiments, the elongated 
body may be flexible along at least a portion of its 
length. Regional flexibility and regional stiffness 
may allow for straightening of select locations of the 
coronary sinus , and corresponding locations of the 
posterior mitral annulus. This can cause regions of 
the mitral annulus to move anteriorly, thus causing 
regional improvements in leaflet coaptation. In 
addition, the elongated body may be formed by two end 
segments connected together by a filament: by anchoring 
the two end segments relative to the anatomy and 
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pulling the filament taught, the naturally curved wall 
of the coronary sinus can be straightened, whereby to 
move the posterior mitral annulus anteriorly and 
thereby reduce mitral regurgitation. 

As noted above, anchoring structures can be used 
to ensure that the body 157 (or 184) and delivery 
catheter 106 do not migrate over the life of a long- 
term implant • A proximal termination allows the body 
157 to be permanently implanted in the vascular system. 
The proximal termination also allows convenient removal 
or replacement of the body 157. The proximal 
termination may also provide additional anchoring of 
the entire system. 

It is desirable to provide an anchor to retain the 
body and/or delivery catheter securely in place without 
causiag trauma or dissection to the coronary sinus. A 
series of antimigration barbs 168 may be fabricated 
into the outside diameter of the delivery catheter 106, 
as shown in Fig. 45. When the body is in place, a 
large load is placed onto the midsection of the body 
157. As can be seen in Fig. 46, the anti-withdrawal 
barbs 168 load only into the wall of the coronary sinus 
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30 where that wall is supported by the underlying heart 
muscle, between the body 157 and the mitral annulus 33. 
The barbs 168 do not load into the unsupported outer 
wall of the coronary sinus. There are no barb features 
at either end of the body 157 that might cause damage 
to the coronary sinus. Without the rod 109 in place, 
the delivery catheter 106 can flex as it negotiates 
corners. This ability allows the delivery catheter to 
withdraw through the vascular system without causing 
trauma to the intima of the vessels. 

The straight, substantially rigid elongated body 
157 (or 184) may be provided with barbs 156 to 
stabilize the portion thereof within the delivery 
catheter 106. The barbs 156 are arranged such that the 
catheter 106 may be withdrawn from the body 157 (or 
184). Barb anchoring can be unidirectional or bi- 
directional. The barbs 168 engage the inner wall of 
the coronary sinus and the underlying heart muscle when 
the device is used without an indwelling delivery 
catheter in a drop-off configuration. The barbs 168 
will engage the internal wall of the delivery catheter 
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106 when a delivery catheter is used in a non-drop off 
configuration . 

An alternative anchoring structure is a stent 170 
(Figs. 48 and 49) comprising a generally open metallic 
or bioabsorbable structure that can be collapsed for 
insertion and then expanded in place. The expansion 
mechanism may be active (e.g., an inflatable balloon) 
or passive (e.g., pre-formed shapes in a nickel 
titanixam structure) . A stent is generally used to 
expand the vessel in which it is placed, but in this 
case, it is used in its expanded condition as an anchor 
for the body 157 and/or the delivery catheter 106. 
Typical locations for an anchoring stent include the 
anterior interventricular vein, the great cardiac vein 
32, or the coronary sinus 30. Fig. 48 shows a distally 
located stent 170 in the anterior interventricular vein 
32 or coronary sinus 30. Fig. 49 shows a stent 170 
that runs the entire length of the coronary sinus 30. 

Stents may also be used at the proximal 
termination site (in the internal jugular vein 18, 
subclavian vein or femoral vein) to provide improved 
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fixation and/or anchoring at that location, as shown in 
Fig, 50. 

Distal hooks 174 (Fig, 51) can be provided for 
reliable anchoring in the anterior interventricular 
vein 32 or great cardiac vein. Release of the hooks 
174 may require a surgical procedure or a custom 
release device. 

Fig. 51 shows a set of perforating hooks 174 on an 
expanding three-legged structure 176 connected to the 
body 157. Fig. 52 shows a set of non-perforating hooks 
174a on an expanding three-legged structure 176a. 

Stents 170 and hooks 174 are well suited to be 
used in combination to allow anchoring and vessel 
patency, as shown in Fig. 53. Stents 170 may also be 
used in combination with expansion devices (e.g., 
balloons) 139, and further in combination with hooks 
174 or barbs 156 (Fig. 54) . If a hook is designed to 
be perforating, expanding foam or other blockers may be 
used in the anterior interventricular (AIV) to provide 
hemostasis. Since this expanding foam is occlusive to 
the vessel in which it is placed, it will not be 
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incorporated in perforating designs for anchors in the 
proximal portion of the coronary sinus. 

Hooks 174 may be self-deploying, released by 
removing a protective sleeve, or other such method. 
Alternatively, hooks 174 may be deployed by an active 
mechanism, such as a balloon, mechanical wedge, etc. 

Expanding anchors for the bodies 157, 184, or 
delivery catheters 106, include expandable devices 139 
which may be attached to either the delivery catheter 
or the body itself. Figs. 55 and 56 show an expandable 
foam structure 177 attached to the body 157 that is 
inflated in the AIV or great cardiac vein. By virtue 
of its shape, it lodges in that vessel and resists any 
tendency of the body to migrate out of the coronary 
sinus. Fig. 57 shows a balloon 179 attached to the 
body 157 that provides anchoring of the distal end of 
the rigid body 157 and the guiding catheter during 
placement of the body 157 and/or long term anchoring of 
the body. 

Rigid (PET, urethane) or complaint (silicone, and 
the like) balloons can be used with and without 
textured surfaces, inflatable ridges, or other grip 
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enhancing features. Configurations of more than one 
balloon (fenestration) may be used to allow blood flow 
by the inflated balloon or to increase anchor force ^ as 
shown in Figs. 58 and 59. 

Expanding foam, such as polyvinylalcohol (PVA) , 
expands significantly from its compressed shape when 
hydrated. During introduction, the foam is compressed 
and protected from hydration within a capsule or 
covering tube. Once the foam has been advanced to the 
desired position, it is exposed to the hydrating 
effects of the blood by removing the covering. Once 
expanded, the foam lodges in the vessel by virtue of 
the deformation imposed on the vessel in which it 
expands . 

Wire balls 180 (Figs. 60 and 61) behave in a 
manner similar to the expanding foams 177. The wire 
balls 180 may be compressed while introduced through 
the delivery catheter 106, and then expand when 
released out of the end of the catheter. The wire 
balls also anchor by virtue of the deformation imposed 
on the vessel in which it expands, as shown in Fig. 61. 
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In Figs. 62, 63 and 63A, there is shown a cam 182 
that anchors the delivery catheter 106. This cam 182 
functions by distending the vessel into which it is 
placed. Due to the eccentic attachment of the anchor 
release wires 183a, 183b and a push wire 181, 
withdrawing motion of the delivery catheter causes the 
cam 182 to lock in place. The cam is released by 
pulling on the release wires, which causes the cam to 
align its long axis along the axis of the vessel, 
thereby allowing the entire device to be removed. 

Fig. 64 shows a similar cam device 182a attached 
to the body 157. The aforementioned release wire 183a 
is shown in Fig. 64. 

Several biocompatible adhesives are suitable for 
incorporation in the delivery catheter and serve to 
lock a catheter in place. Once the catheter tip is 
wedged into the desired position within the vessel, 
glue may be dispensed through one or more tip orifices 
186a, 186b (Figs. 65-68). Alternatively, glue may be 
dispensed through its own lumen 185 or may be contained 
in a distal sponge-like tip 186 (Fig. 68) that 
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dispenses the glue when squeezed against the vessel 
wall, or when inflated from within by a balloon. 

Distal and proximal blood flow blockers of 
balloons may be used to shut off blood flow in the 
vicinity of the glue bond. This prevents glue being 
washed away prior to setting up. 

Enhanced in-growth surface treatments or coatings, 
applied to the outside wall of the delivery catheter 
106 and/or the body 157 encourages ingestion of fibrous 
tissue and adherents that will help provide long-term 
anchoring of the assembly. One example is a mesh 
structure 189 (Fig. 69) made from Dacron or similar 
material. Its anchoring properties increase in 
strength over the first few days in place, and after 
that time in-growth provides a secure retention of the 
components. 

External mesh 189A (Figs. 70 and 71) may also 
function as a textured surface, providing short or long 
term anchoring in a manner similar to external barbs 
168, 156 on the catheter or body. Other surface 
treatments include surface texturing, the use of felted 
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or hairy components, or the incorporation of structures 
resembling fish scales or shark's skin. 

Referring to Figs. 72 and 73, it will be seen that 
orifices 186b along the catheter 106 may be positioned 
such that when a vacuum is pulled on the catheter, 
tissue is sucked into the orifices, temporarily 
anchoring the catheter to the wall of the vessel. 

An assembly for locking the body 157 within the 
delivery catheter 106 is shown in Fig. 74. The 
assembly includes a slit tube 214 with variable inner 
wall diameters and an outer detent feature 216. A ball 
218 with integral pull wire 220 rests within the slit 
tube 214. Once the body 157 is placed appropriately, 
the pull wire 220 is activated, pulling the ball 218 
into the reduced internal diameter section 244 of the 
slit tube 214. This forces the barbed midsection 222 
into an interference with the internal diameter of the 
delivery catheter 106, and thereby locking the tube 
214, and its attached components, into place within the 
delivery catheter. When it is time to release the tube 
214, and body 157, the ball 218 is pulled once again 
into the enlarged internal diameter section 244 of the 
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slit tube 214, releasing the tube 214 and body 157 to 
slide once again within the delivery catheter 106. 

An alternative assembly for locking the body 
within the catheter comprises a matched set of tapered 
cams 224, 226 that passively resist motion in one 
direction and yet can be slid in either direction. 
When advancing the body by pushing on the push rod 109, 
the force is transmitted through the bottom-tapered cam 
226. This disengages the cam lock and allows the whole 
assembly to slide forward- When withdrawing the body 
by pulling on the pull wire 183, the tensile force is 
applied only to the top tapered cam 224. This action 
also disengages the cam lock. However, if local 
motions and forces attempt to push the body in the 
withdrawing direction, the cam lock aggressively 
engages the internal diameter of the delivery catheter 
106, assisted by a cam spring 228. This prevents any 
withdrawing motion until the upper cam 224 is actively 
disengaged by once again pulling on the release wire 
183. This mechanism may be made bi-directional by 
assembling two devices back-to-back. 
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In Figs. 76 and 11, there is illustrated an 
annulus cinching apparatus 250 which has been guided 
into the coronary sinus 30 by guidewire and/or catheter 
means described above. The apparatus 250 comprises a 
flexible cinching tether 252, distal anchoring means 
256, and/or proximal anchoring means 254. In Fig. 77, 
a preferred embodiment of apparatus 250 employs an 
inflated balloon anchoring means 258 to anchor the 
distal end of tether 252. Cinching activation means 
260, upon operation, exercises a movement force on 
proximal anchoring means 254, causing movement of 
flexible tether 252 so as to cinch the posterior wall 
of the mitral annulus which, in turn, pushes the 
posterior mitral valve leaflet anteriorly. Tension may 
be maintained in apparatus 250 by locking any relative 
motion of the tether 252 and cinch activation means 
260, both outside the body. 

In another preferred embodiment, the distal 
anchoring means 256 may be a stent, described 
hereinabove, that anchors to the circumference of the 
vein, or penetrates through the wall of the vein and 
into the myocardium. For this latter embodiment. 
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distal anchor 256 may be permanently implanted into the 
patient, and the other components of the apparatus 250 
may remain in the body, but the anterior movement of 
the posterior annulus may be temporary. 

In yet another preferred embodiment, proximal 
anchor 254 may be a balloon, or simply a flange part of 
cinch activation means 260 that is too large to enter 
the ostium of the coronary sinus 30. 

In the preceding discussion, elongated body 157 
(or 184) is generally described as being straight and 
substantially rigid, with or without relatively 
flexible portions 175 (Fig. 10) and/or elongated 
relatively flexible portions 178 (Fig. 11) and/or 
extended strain relief tapers 200 (Fig. IIB) . However, 
it should be appreciated that the terms ^^substantially 
rigid", ^^relatively flexible" and the like are meant to 
be interpreted in the context of the anatomical tissue 
involved and should not be interpreted in an absolute 
sense. 

Fundamentally, elongated body 157 (or 184) is 
constructed so that (1) its intermediate portion 
imparts an anteriorly-directed force on the walls of 
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the coronary sinus (e.g.^ as shown by the arrows A in 
Fig. 7)^ and (2) its distal and proximal ends impart a 
posteriorly-directed force on the walls of the coronary 
sinus (e.g., as shown by the arrows P in Fig. 7). 
Conversely, a high center load 140 (Fig. IIT) is 
imparted to the intermediate .portion of elongated body 
157 (or 184) by the mitral annulus, and smaller loads 
141 (Fig. IIT) are directed to the distal and proximal 
ends of elongated body 157 (or 184) by the posterior 
portions of the coronary sinus. 

^ In order to better distribute the loads on the 
proximal portions of the coronary sinus, the distal and 
proximal ends of elongated body 157 (or 184) may have 
relatively flexible portions 175 (Fig. 10) and/or 
elongated relatively flexible portions 178 (Fig. 11) 
and/or extended strain relief tapers 200 (Fig. IIB) - 
Furthermore, the flexibility of these portions * 175, 178 
and/or 200 can vary along their lengths; thus, as shown 
in Figs. IIR and IIS, the extended strain relief tapers 
200 can become more flexible as they extend toward 
their outer ends. 
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Indeed, there is nothing in the present invention 
which requires that the intermediate portion of 
elongated body 157 (or 184) be absolutely rigid; in 
fact, it will function satisfactorily so long as it is 
substantially resistive to the load 140 (Fig. IIT) 
imposed by the mitral annulus. The design is further 
enhanced by having the distal and proximal ends of 
elongated body 157 (or 184) be somewhat less resistive 
to the smaller loads 141 (Fig. IIT) directed by the 
posterior walls of the coronary sinus. Thus, a 
satisfactory design may be implemented with a device 
which has a flexibility gradient along its length, with 
a highest rigidity at or near the center and lower 
rigidity at or near its two ends. This may be 
accomplished by tapering the elongated body; and/or by 
varying its material properties; and/or by other 
techniques. Or a satisfactory design may be 
implemented with a device which has some degree of 
flexibility along its entire length; and this 
flexibility may vary with length or may be constant 
along the entire length of the body. See, for example. 
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Fig. 78, which shows an elongated body 157 having a 
degree of curvature throughout its length. 

It should be appreciated that the present 
invention may be used to alter the shape of other 
5 cardiac tissues, including but not limited to the left 

ventricle, for other uses, including the treatment of 
cardiac dysfunction. 

It is to be understood that the present invention 
is by no means limited to the particular constructions 
.10 herein disclosed and/or shown in the drawings, but also 

comprises any modifications or equivalents within the 
scope of the claims. 
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What Is Claimed Is; 

1. A method for reducing mitral regurgitation, 
the method comprising the steps of: 

inserting a flexible delivery catheter into a 
coronary sinus of a patient in a vicinity of a 
posterior leaflet of a mitral valve; 

anchoring a distal end of the catheter in the 
coronary sinus; 

moving an elongated body through the catheter and 
into a position within the catheter and in the vicinity 
of the posterior leaflet, the body being adapted to 
straighten a natural curvature of at least a portion of 
the coronary sinus in the vicinity of the posterior 
leaflet of the mitral valve, to move the posterior 
annulus anteriorly and thereby improve leaflet 
coaption. 

2. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises engaging barbs on the catheter with internal 
wall portions of the coronary sinus. 
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3. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises inflating a balloon attached to the catheter^ 
the balloon engaging internal wall portions of the 
coronary sinus. 

4- The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises expanding a stent adjacent the catheter, the 
stent engaging internal wall portions of the coronary 
sinus . 

5. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises engaging hooks attached to the catheter with 
internal wall portions of the coronary sinus. 

6. The method in accordance with claim 5 wherein 
the hooks are fixed on a stent and are caused to engage 
the wall portions of the coronary sinus by expansion of 
the stent. 
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7. The method in accordance with claim 5 wherein 
engaging the hooks with the internal wall comprises 
perforating the wall with the hooks. 

8. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises expanding an expandable foam body attached to 
the catheter, the foam body engaging internal wall 
portions of the coronary sinus. 

9* The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises expanding a plurality of selected ones of 
balloons and foam bodies disposed around the catheter 
and having gaps therebetween to facilitate blood flow 
therethrough. 

10. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises expanding a compressed wire ball fixed to the 
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catheter, the expanded wire ball engaging internal wall' 
portions of the catheter. 

11. The method in accordance with claim 1 wherein 
the anchorin'g of the distal end of the catheter 
comprises moving a cam member mounted in the catheter 
into a position for engaging internal wall portions of 
the catheter and expanding a diameter of the catheter 
to engage the coronary sinus. 

12. The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
'comprises flowing adhesive through lumens in the 
catheter and extending lengthwise thereof, and into 
side ports in communication with the liamens, to bond 
the catheter distal end to wall portions of the 
coronary sinus. 

13. The method in accordance with claim 1 wherein 
anchoring the catheter comprises providing a mesh fixed 
to the exterior wall of the catheter for encouraging 
in-growth of patient body materials. 
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14 • The method in accordance with claim 1 wherein 
the anchoring of the distal end of the catheter 
comprises applying a vacuum to a lumen in the catheter 
and extending lengthwise thereof, and to side ports in 
communication with the lumen, to draw wall portions of 
the coronary sinus to wall portions of the catheter. 

15. The method in accordance with claim 1 and 
comprising the further step of anchoring a proximal end 
of the catheter by suturing a sewing cuff fixed to the 
proximal end of the catheter to a patient's outer skin. 

16. The method in accordance with claim 1 and 
comprising the further step of sealing closed a 
proximal end of the catheter by using a cap which plugs 
into the catheter proximal end. 

17. The method in accordance with claim 1 
comprising the further step of sealing closed a 
proximal end of the catheter by crimping a wire mesh 
upon the catheter proximal end. 
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18. The method in accordance with claim 1 and 
including the further step of releasably locking the 
elongated body in the delivery catheter. 

19. The method in accordance with claim 18 
wherein the locking of the elongated body in the 
delivery catheter comprises moving at least one cam 
member connected to the elongated body and disposed in 
the catheter, by manipulation of a wire connected to 
the cam member and extending to a proximal end of the 
catheter . 

20. A method for reducing mitral regurgitation, 
the method comprising the steps of: 

advancing a flexible strand into a coronary sinus; 

anchoring at least a distal end of the strand in 
the coronary sinus proximate an anterior 
interventricular vein; 

interconnecting a proximal end of the strand and a 
cinch actuation structure; and 
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operating the cinch activation structure to pull 
the strand taut; 

whereby to cause the strand to approach a straight 
configuration and a mid-portion of the strand to engage 
a posterior wall of the mitral valve annuliis, which 
pushes a posterior mitral valve leaflet anteriorly and 
thereby improve coaptation. 

21. The method in accordance with claim 20 
wherein anchoring the distal end of the strand 
comprises inflating a balloon attached to the distal 
end of the strand. 

22. The method in accordance with claim 20 
wherein anchoring of the distal end of the strand is 
effected by a stent which anchors to walls of the 
coronary sinus. 

23. The method in accordance with claim 20 
wherein anchoring of the distal end of the stent 
comprises fixing at least one of barbs and hooks on the 
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distal end of the stent for engaging walls of the 
coronary sinus. 

24. The method in accordance with claim 20 
5 wherein anchoring of the distal end of the strand 

comprises fixing at least one of a wireball, a cam, 
adhesive outlets, and vacuum openings on the distal end 
of the strand for engaging walls of the coronary sinus. 

10 25. The method in accordance with claim 20 and 

including the further step of anchoring the strand at a 
proximal portion thereof. 

26. The method in accordance with claim 25 

15 wherein the anchoring of the strand at the proximal 

portion thereof is effected by use of a selected one of 
an expandable body and a flange. 

27. An assembly for reducing mitral 
20 regurgitation, the assembly comprising: 
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a flexible delivery catheter for insertion into a 
coronary sinus of a patient in a vicinity of a 
posterior leaflet of a mitral valve; 

structure for anchoring a distal end of said 
catheter in said coronary sinus; 

an elongated body for moving through said catheter 
and into a position within the catheter and in the 
vicinity of the posterior leaflet, the body being 
adapted to straighten a natural curvature of at least a 
portion of the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, to move the 
posterior annulus anteriorly and thereby improve 
leaflet coaptation. 

28. The assembly in accordance with claim 27 
wherein said anchoring structure comprises barbs on 
said catheter for engaging with internal wall portions 
of the coronary sinus. 

29. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a balloon 
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attached to said catheter/ the balloon engaging 
internal wall portions of the coronary sinus. 

30. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a stent 
adjacent said catheter, said stent being adapted upon 
expansion thereof for engaging internal wall portions 
of the coronary sinus. 

31. The assembly in accordance with claim 27 
wherein said anchoring structure comprises hooks 
attached to said catheter and adapted to engage 
internal wall portions of the coronary sinus. 

32. The assembly in accordance with claim 31 
wherein said hooks are fixed on a stent and are adapted 
to engage the wall portions of the coronary sinus by 
expansion of the stent, 

33. The assembly in accordance with claim 31 
wherein said hooks are adapted for engaging with the 
internal wall and perforating the wall. 
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34 . . The assembly in accordance with claim 27 
wherein said anchoring structure comprises an 
expandable foam body attached to said catheter, said 
foam body being adapted upon expansion for engaging 
internal wall portions of the coronary sinus. 

35. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a plurality 
of selected ones of balloons and foam bodies disposed 
around the catheter and having gaps therebetween to 
facilitate blood flow therethrough. 

36. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a compressed 
wire ball fixed to said catheter, said wire ball being 
expandable to engage internal wall portions of the 
catheter. 

37. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a cam member 
mounted in said catheter and moveable into a position 
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for engaging internal wall portions of said catheter 
and expanding a diameter of said catheter to engage the 
coronary sinus. 

38. The assembly in accordance with claim 27 
wherein said anchoring structure comprises lumens in 
said catheter and extending lengthwise thereof, and 
side ports in communication with the lumens, the lumens 
and ports being adapted to flow adhesive therethrough, 
to bond the catheter distal end to wall portions of the 
coronary sinus. 

39. The assembly in accordance with claim 27 
wherein said anchoring structure comprises a mesh fixed 
to the exterior wall of said catheter for encouraging 
in-growth of patient body materials. 

40. The assembly in accordance with claim 27 
wherein said anchoring structure comprises lumens in 
said catheter and extending lengthwise thereof, and 
side ports in communication with the lumens, the lumens 
and the ports being adapted to convey a vacuum 
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therethrough to draw wall portions of the coronary 
sinus into engagement with catheter wall portions. 

41. The assembly in accordance with claim 27 and 
comprising second anchor structure for anchoring a 
proximal end of said catheter, said second anchor 
structure comprising a sewing cuff fixed to the 
proximal end of said catheter, for suturing to a 
patient's outer skin. 

42. The assembly in accordance with claim 27 and 
further comprising a cap for sealing closed a proximal 
end of said catheter, said cap being adapted to plug 
into the catheter proximal end. 

43. The assembly in accordance with claim 27 and 
further comprising a cap for sealing closed a proximal 
end of said catheter, the cap comprising a wire mesh 
crimpable upon the catheter proximal end to seal the 
proximal end. 
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44. The assembly in accordance with claim 27 
wherein said catheter is provided with at least one 
prolapse resistant portion comprising a reinforced 
portion which is less flexible than a remainder of said 
catheter. 

45. The assembly in accordance with claim 27, 
wherein said elongated body is provided at one end 
thereof with a rounded non-traumatic tip, and strain 
relief taper, and in width-wise cross-section, a 
selected one of round and generally rectangular 
cross-section. 

46. The assembly in accordance with claim 27 
wherein said elongated body comprises an elastomeric 
outer portion disposed upon a core member. 

47. The assembly in accordance with claim 46 
wherein the core member comprises a selected one of a 
substantially rigid rod and a substantially rigid tube. 
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48. The assembly in accordance with claim 47 
wherein the core member is a tube comprising a selected 
one of (i) empty and (ii) filled with a siibstantially 
rigid material. 

49. The assembly in accordance with claim 46 
wherein said outer portion is formed with barbs 
thereon. 

50. The assembly in accordance with claim 27 
wherein said elongated body is provided with strain 
relief steps at either end thereof. 

51. The assembly in accordance with claim 27 
wherein said elongated body is provided with strain 
relief segments mounted on a central rod. 



52. The assembly in accordance with claim 27 
wherein said elongated body is comprised of a selected 
one of (i) nickel titanium and (ii) an alloy thereof. 
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53. The assembly is accordance with claim 27 
wherein said body is anchored in said catheter by a 
selected one of barbs on said body, stents adjacent 
said body, and hooks attached to said body. 

54. The assembly in accordance with claim 27 
wherein said body is anchored in said catheter by an 
expansion member. 

55. The assembly in accordance with claim 54 
wherein the expansion member comprises a selected one 
of a balloon and an expandable foam. 

'56- The assembly in accordance with claim 27 
wherein said body is anchored in said catheter by a 
selected one of an adhesive, a vacuum, an annular lock, 
a wedge lock, and a cam. 

57. The assembly in accordance with claim 27 
wherein said elongated body comprises: 
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an inner tubular member having a plurality of 
slots extending width-wise of said inner tubular 
member; and 

an outer tubular member rotatably disposed on said 
inner tubular member^ said outer tubular member having 
a plurality of slots extending width-wise of said outer 
tubular member; 

the slots of said inner and outer tubular members 
being alignable with each other to permit bending of 
said elongated body; and 

the slots of said inner and outer tubular members 
being movable to unaligned positions such that said 
elongated body resists bending. 

58. An assembly for reducing mitral 
regurgitation, the assembly comprising a flexible 
catheter having as a part thereof an elongated 
substantially rigid portion, said catheter being 
adapted for insertion into a coronary sinus of a 
patient and adapted to be moved to a position placing 
.the rigid portion in a vicinity of a posterior leaflet 
of a mitral valve, the rigid portion being adapted to 
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straighten a natural curvature of at least a portion of 
the coronary sinus in the vicinity of the posterior 
leaflet of the mitral valve, to move the posterior 
leaflet anteriorly and thereby improve leaflet 
coaptation, 

59. An assembly for reducing mitral 
regurgitation, the assembly comprising: 

a flexible guide wire for insertion into a 
coronary sinus of a patient; 

a flexible delivery catheter for disposition 
around said guide wire and adapted for insertion into 
the coronary sinus; 

an elongated substantially rigid body fixed to a 
distal end of a push rod and adapted to advance in said 
catheter to a vicinity of a posterior leaflet of a 
mitral valve of the patient; 

a detachable joint by which said push rod may i>e 
separated into distal and proximal portions; and 

a break-away joint by which said catheter may be 
separated into distal and proximal portions; 
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whereby after said body is in the vicinity of the 
posterior leaflet, said push rod and said catheter 
proximal portions may be removed form the site and 
withdrawn from the patient. 

60. An assembly for reducing mitral 
regurgitation, the assembly comprising: 

a flexible strand adapted to advance into and 
through a coronary sinus; 

an anchor at a.diistal end of said strand for 
securing the distal end in a fixed position in the 
coronary sinus; 

a cinch activation structure connected to a 
proximal portion of said strand and operable by an 
operator to pull said strand taut; 

whereby to cause said strand to approach a 
straight configuration, with a mid-portion of said 
strand adapted to engage a posterior wall of a mitral 
valve annulus, to urge a posterior mitral valve leaflet 
anteriorly to improve .coaptation. 
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61. The assembly In accordance with claim 60 
wherein said anchor comprises a balloon. 

62. The assembly in accordance with claim 60 
wherein said anchor comprise a stent. 

63. The assembly in accordance with claim 60 
wherein said anchor comprises a body having at least 
one of barbs and hooks thereon for engaging walls of 
the coronary sinus. 

64. The assembly in accordance with claim 60 and 
further comprising an anchor at a proximal portion of 
said strand for securing the proximal portion in a 
selected location. 

65. The assembly in accordance with claim 64 
wherein said proximal portion anchor comprises a 
balloon. 
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66. The assembly in accordance with claim 64 
wherein said proximal portion anchor comprises a flange 
portion of said cinch activation structure. 

67. A method for reducing mitral regurgitation, 
the method comprising the steps of: 

advancing a guidewire into a coronary sinus of a 
patient; 

advancing a catheter around the guidewire and into 
the coronary sinus; 

providing a push rod having an elongated 
substantially rigid body fixed to a distal portion 
thereof; 

advancing the push rod through the catheter until 
the body is in a vicinity of a posterior leaflet of a * 
mitral valve of the patient; 

detaching a proximal portion of the catheter from 
a distal portion of the catheter; 

detaching a proximal portion of the push rod from 
a distal portion of the push rod; and 

removing the proximal portions of the catheter and 
the push rod from the patient. 
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68 • The method in accordance with claim 1 
including the further steps of: 

before inserting the flexible delivery catheter, ' 
inserting a guidewire into the coronary sinus; 

inserting the flexible catheter into the coronary 
sinus over the guidewire; and 

moving the elongated body by means of a push rod. 

69. The assembly in accordance with claim 21, the 
assembly further comprising: 

a guidewire for insertion into the coronary sinus; 

said delivery catheter being adapted for insertion 
into the coronary sinus overriding said guidewire; and 

a push rod for moving the elongated body within 
said catheter to the position in the vicinity of the 
posterior leaflet. 

70. An assembly for reducing mitral 
regurgitation, the assembly comprising: 

a guidewire for insertion into a coronary sinus of 
a patient; 
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an elongated body adapted to override said 
guidewlre and move into the coronary sinus; and 

a push rod adapted to override said guidewire and 
push said elongated body into the coronary sinus and to 
5 a vicinity of a posterior leaflet; 

the body being adapted to straighten a natural 
curvature of at lest a portion of the coronary sinus in 
the vicinity of the posterior leaflet^ to move the 
posterior annulus anteriorly and thereby improve 
10 leaflet coaptation. 



71. A method for reducing mitral regurgitation, 
the method comprising the steps of: 

advancing a guidewire into a coronary sinus of a 
15 patient; 

mounting a substantially rigid elongated body 
having an axial central liomen therein on a proximal end 
of the guidewire and passing the body distally from the 
guidewire proximal end; 
20 mounting a push rod having an axial central lumen 

therein on the proximal end of the guidewire and moving 
the push rod along the guidewire to push the body 
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distally in the coronary sinus to a vicinity of a 
posterior leaflet, to move a posterior annulus 
anteriorly to improve leaflet coaptation. 

72. The method in accordance with claim 71 and 
comprising the further step of removing the guidewire 
and the push rod, and leaving the body in the coronary 
sinus . 

73- The assembly in accordance with claim 27 
wherein said elongated body is of a shape memory alloy 
material - 

74. The assembly in accordance with claim 27 
wherein said elongated body is of a superelastic 
material . 

75. An elongated body for introduction into a 
coronary sinus, the body comprising: 

an elastomeric sleeve substantially closed at both 
ends thereof, said sleeve defining two internal 
chambers in axial alignment with each other, the 
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chambers being separated by a wall having an aperture 
therein; 

a rod slidably disposed in the aperture and 
entering into the two chambers , said rod having a 
distal flexible portion, a middle rigid portion, and a 
proximal flexible portion; and 

a pull wire extending from the proximal end of 
said rod and through a proximal end of said sleeve; 

said rod being positionable such that one of the 
flexible portions of said rod is disposed in the 
aperture in the chamber wall, rendering the body 
flexible; and 

said rod being positionable by manipulation of 
said pull wire to cause the rod rigid portion to be 
disposed in the aperture in the chamber wall, rendering 
the wall rigid; 

whereby the body may be rendered flexible so as to 
be moved to the coronary sinus and may be rendered 
rigid so as to effect a change in coronary leaflet 
coaptation. 
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76. A method for reducing mitral regurgitation 
comprising: 

inserting apparatus into the coronary sinus of a 
patient in the vicinity of the posterior leaflet of the 
mitral valve, the apparatus having a distal end/ a 
proximal end and an intermediate portion, the apparatus 
being configured so that when the apparatus is 
positioned in the coronary sinus in the vicinity of the 
posterior leaflet of the mitral valve, the distal and 
proximal ends will apply, a posteriorly-directed force 
to the walls of the coronary sinus and the intermediate 
portion will apply an anteriorly-directed force to the 
walls of the coronary sinus, whereby to move the 
posterior annulus anteriorly and thereby improve 
leaflet coaptation. 

77. Apparatus for reducing mitral regurgitation 
comprising: 

a body having a distal end, a proximal end and an 
intermediate portion, the body being configured so that 
when the body is positioned in the coronary sinus in 
the vicinity of the posterior leaflet of the mitral 
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valve, the distal and proximal ends will apply a 
posteriorly-directed force to the walls of the coronary 
sinus y and the intermediate portion will apply an 
anteriorly-directed force to the walls of the coronary 
sinus, whereby to move the posterior annulus of the 
mitral valve anteriorly and thereby improve leaflet 
coaptation. 



wo 03/059198 



1/87 



PCT/US03/00971 




wo 03/059198 PCT/US03/00971 

2/87 




39 



FIG. 2 



wo 03/059198 



3/87 



PCT/US03/00971 




wo 03/059198 



4/87 



PCT/US03/00971 




FIG. 4 



wo 03/059198 



5/87 



PCT/DS03/00971 




127 



FIG. 5 



wo 03/059198 



6/87 



PCT/US03/00971 




FIG. 6 



wo 03/059198 



7/87 



PCT/US03/00971 




wo 03/059198 



8/87 



PCT/US03/00971 




wo 03/059198 



9/87 



PCT/US03/00971 




wo 03/059198 



10/87 



PCT/US03/00971 




wo 03/059198 



11/87 



PCT/DS03/00971 




wo 03/059198 



12/87 



PCT/US03/00971 



in 

CO 



I 
I 
I 
I 

! . 



LU 



wo 03/059198 



14/87 



PCT/US03/00971 




wo 03/059198 



15/87 



PCT/US03/00971 




FIG. 11A 



wo 03/059198 



16/87 



PCT/US03/00971 




wo 03/059198 



17/87 



PCT/US03/00971 



rv LlJ 




wo 03/059198 



18/87 



PCT/US03/00971 




wo 03/059198 



19/87 



PCT/US03/00971 




wo 03/059198 



20/87 



PCT/US03/00971 




wo 03/059198 



21/87 



PCT/US03/00971 




FIG. 11N 




FIG. IIP 



wo 03/059198 



22/87 



PCT/US03/00971 




wo 03/059198 



23/87 



PCT/US03/00971 




wo 03/059198 



24/87 



PCTAJS03/00971 



o 
o 

CM 




wo 03/059198 



25/87 



PCT/US03/00971 




(is>|) ssej4s 



wo 03/059198 



26/87 



PCT/US03/00971 




wo 03/059198 



27/87 



PCT/DS03/00971 




wo 03/059198 



28/87 



PCT/US03/00971 




wo 03/059198 



29/87 



PCT/DS03/00971 




115 



FIG. 14 



wo 03/059198 



30/87 



PCT/US03/00971 




FIG. 15 



wo 03/059198 



31/87 



PCT/US03/00971 




FIG. 16 



wo 03/059198 



32/87 



PCT/US03/00971 




FIG. 16A 



wo 03/059198 



33/87 



PCT/US03/00971 




FIG. 16B 



wo 03/059198 



34/87 



PCT/US03/00971 




FIG. 16C 



wo 03/059198 



35/87 



PCT/DS03/00971 




FIG. 16D 



wo 03/059198 



36/87 



PCT/DS03/00971 




FIG. 18 



wo 03/059198 



37/87 



PCT/US03/00971 




FIG. 19 



wo 03/059198 



38/87 



PCT/US03/00971 




wo 03/059198 



39/87 



PCT/US03/00971 




wo 03/059198 



40/87 



PCT/US03/00971 



O 
CM 
CM 



CM 



o 

CM 



i 



CM 

6 



1X3 



wo 03/059198 



41/87 



PCT/US03/00971 




wo 03/059198 



42/87 



PCT/US03/00971 



1 




wo 03/059198 



43/87 



PCT/US03/00971 




CM 

6 



wo 03/059198 



44/87 



PCT/US03/00971 




wo 03/059198 



45/87 



PCT/US03/00971 




wo 03/059198 



46/87 



PCT/US03/00971 




FIG. 28 



wo 03/059198 



47/87 



PCT/US03/00971 




FIG. 29 



wo 03/059198 



48/87 



PCT/US03/00971 




FIG. 30 



wo 03/059198 



49/87 



PCT/DS03/00971 




FIG. 



31 



wo 03/059198 



50/87 



PCT/US03/00971 




FIG. 32 



wo 03/059198 



51/87 



PCT/DS03/00971 




wo 03/059198 



52/87 



PCT/US03/00971 



157 




FIG. 32D 



157 




157E 



^1 57F ^1 57H /-157J 



6^ 



157D 



^1570 ^1571 ^157K 



FIG. 32E 



wo 03/059198 



53/87 



PCT/US03/00971 




wo 03/059198 



54/87 



PCT/US03/00971 





FIG. 35 



wo 03/059198 



55/87 



PCT/US03/00971 




FIG. 36 



wo 03/059198 



56/87 



PCT/US03/00971 




FIG. 37 



wo 03/059198 



57/87 



PCT/US03/00971 




wo 03/059198 PCT/US03/00971 

58/87 




184 




184D 



^184G ^184[ ^1 



84K 



FIG. 37E 



wo 03/059198 



59/87 



PCT/US03/00971 



109 




FIG. 37F 



148 




FIG. 37H 




FIG. 371 



wo 03/059198 



60/87 



PCT/US03/00971 




FIG. 37J 




FIG. 37K 



wo 03/059198 



61/87 



PCT/DS03/00971 




wo 03/059198 



62/87 



PCT/yS03/00971 




wo 03/059198 



63/87 



PCT/US03/00971 




FIG. 39 



wo 03/059198 



64/87 



PCT/US03/00971 



1 




FIG. 40 



65/87 



PCTAJS03/00971 




6 



in 



1 - lO--^ 



^^^^ 






s 
s 



in 



In 



in 



m 

m 



IP 



wo 03/059198 



66/87 



PCT/US03/00971 




FIG. 44 



wo 03/059198 



67/87 



PCT/US03/00971 




FIG. 46 



03/059198 



69/87 



PCT/US03/00971 




FIG. 49 



wo 03/059198 



70/87 



PCT/US03/00971 




FIG. 50 



wo 03/059198 



71/87 



PCT/US03/00971 




FIG. 5 



wo 03/059198 



72/87 



PCT/US03/00971 




wo 03/059198 



73/87 



PCT/US03/00971 




FIG, 53 



wo 03/059198 PCT/US03/00971 

74/87 




wo 03/059198 



75/87 



PCT/US03/00971 




FIG. 55 




wo 03/059198 



76/87- 



PCT/US03/00971 




FIG. 57 



wo 03/059198 



77/87 



PCT/US03/00971 




cn 

lO 



liJ< 



to 
o- 




CX) 
LO 

Ll. 



at 



wo 03/059198 



78/87 



PCT/US03/00971 



vessel 

WALL 



-106 



ino 




FIG. 60 



VESSEL 
WALL 



-106 



180 




FIG. 61 



wo 03/059198 



79/87 



PCT/US03/00971 





FIG. 63A 



wo 03/059198 



80/87 



PCT/US03/00971 




.1B3a 



FIG. 



64 



wo 03/059198 



81/87 



PCT/US03/0a971 




FIG. 65 FIG. 66 



186b 




186a 



FIG. 67 



VESSEL 
WALL 



wo 03/059198 



82/87 



PCT/US03/00971 




106 



FIG. 70 




106 



FIG. 71 



wo 03/059198 



83/87 



PCT/US03/00971 




FIG. 72 FIG. 73 



wo 03/059198 



84/87 



PCT/US03/00971 




wo 03/059198 



85/87 



PCT/US03/00971 




1 



wo 03/059198 PCT/US03/00971 

86/87 




wo 03/059198 



87/87 



PCTAJS03/00971 




FIG. 78 



